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FOR 

Y-10980 TELEMETERING RECEIVING STATION 

xn i UUUUV/IJUJII 

Bwiidix T— IO98O telemetering receiving stations have been instt 
three USAF mobile trailer, Meteor Motor type 5-35* (See Figure 1) and the purpose 
of this instruction manual is to facilitate the operation and maintenance of these 
stations and trailers. 

The trailers are designated as trailer No. 1, USAF 0910882 trailer No. 2, 
USAF 091100s and trailer Wo, 3» USAF 091133. Trailer No. »s 1 and 2 are equipped 
frith tiro complete and independent telemetering receiving stations, each station 
capable of receiving four separate telemetering channel frequencies. Each station 
consists of one control cabinet and four receiving cabinets, each of the four 
containing a crystal-controlled receiver. Trailer No. 3 differs in that it is 
equipped with one four-channel station,, plus one two channel station whJeh is in- 
tended to be uc,ed as a standby emergency station. This standby station differs 
from the others in that it consists of only tiro receiving cabinets. The receivers 
are tuneable, making it possible to use either of these channels in place of any 
one of the twenty crysui-controlled channels in the eventuality that a failure 
occurs. The receiving stations are numbered the same as the trailer in which they 
are installed with the added designation of "R" or "L" for right or left station. 

This manual is divided into two Darts* Part I, Y-10980 Telemetering 
Receiving Station which will deal with the Y-10980 station. Part II, Mobile 
Telemetering Receiving Trailer will cover the installation external to the 
Y-10980 stations. 
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PART I 

SECTION I 

GENERAL DESCRIPTION 

DLM-17 
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JL.O   (Jagpose and Description 

S7 2£ *2E >ose 
The Bendix Y10980 Telemetering Receiving Station provides a reliable 

system for receiving, demodulating and recording telemetered data. The 
engineering features embodied in this equipment canbine to produce an 
unusually high degree of reliability, accuracy, flexibility and easeof 

Bendix telemetering receiving station? are designed to receive frequency 
modulated radio signals employing continuous or eommutated subcarriers, the 
frequency of each subcarrier being varied in accordance with the quantity 
being measured (FW/FM telemetering system). A maximum of four radio fre- 
quency signals each modulated with three subcarriers can be received and 
recorded simultaneously on the Y-10980 Receiving Station. 

The station receives signals in the frequency range from 235' t<. 260 
megacycles per second which have been frequency modulated by up to th. ee 
audio subcarriers. After detection, the audio subcarriers are separated by 
band pass filters. Each subcarrier is then fed to an audio discriminator. 
The output of each discriminator is an electrical signal whose sense and 
magnitude is a function of the deviation of the subcarrier from its nominal 
center frequency. 

The output signals are recorded by means of galvanometer oscillographs. 

Frequency determining and filter components are supplied for a nominal 
modulation range of +7^5 of center frequency. The subcarrier center 
frequ6iivi6<3 employed in this station are* 

Band 1   7.3SKC 
Band 2  10.5*KC 
Band 3  1U.5KC 

Other modulation bandwidtns and subcarrier frequencies may be employed 
by substitution of the proper frequency determining and filter components. 

Integral vacuum-tube voltmeter, oscilloscope, and channel selector 
switches permit visual monitoring of any subcarrier channel. A variable- 
frequency oscillator and a counter-type frequency meter provide rapid 
station calibration and subcarrier frequency measurement3. Individual 
channel controls permit independent selection and adjustment of each 
channel* 

li 

31 
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1.2 Station Layout - See Figure 2 and 3 

The telemetering receiving station consists of four 68 in. cabinets, 
one uiis cabinet, and two oscillographs».  One voltage regulator is 
siJTvrvLiftrf   'TAT* A*«^K  f*c l*ec*:'ivin'T o+-»+i«*»=   »"  *J»«»»«» «i+«+^«»i— >•««• 

specifically designed to mount two stations to a trailer. 

A station assembly is shown in Figure li* The first three receiver 
cabinets are identical and provide mountings for the following units 
in each cabinet t" 

Regulated Power Supply 1 
FM Receiver 1 
Subcarriar Amplifier 1 
Discriminators 3 
Low Pass Filter Chassis 1 
Blower Panel 1 

Tho fourth cabinet provides mountings fort 

Monitor Panel 1 
FM Receiver I 
Subcarrier 1 
Discriminators 3 
Low Pass Filter Chassis 1 
Blower Panel 1 

The Ui" cabinet provides mountings forj 

Frequency Meter 1 
AUdio Oscillator 1 
Oscillograph Control Panel 1 
Master Power Panel 1 
Small Blowers 2 

Physical Characteristics 

RESTRICTED 

i 

j 

Constructions    Heavy gage, welded chassis and cabinecs.    Standard 
19 inch width rack mounting panels.    All units are supported on 
»"Hrf« AHSAinhlifls  and  fitted with handles nermittina conv«ni«n+. wit.h—  — . — A w-__.       ... 
drawal for inspection and maintenance. In addition some units can 
be tilted 90* when withdrawn from the cabinet +o further improve the 
accessibility. Units are locked into positio* JJ a hinged bar which 
folds over the edge of the front panels. Dzus Fastener Locks permit 
convenient release. 

Finish? Black wrinkle finish with chromium trim and permanently 
engraved lettering. 
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Figure  2 -  Trailer Receiving Station Looking Forward 

Figure 3 - Trailer Receiving Station Looking Aft 
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Connectionsj    Connections between chasLS and cabinet are provided 
by a multi--conductor plug mounted on the chassis which engages a 
receptacle *cunt *i at the rear of the cabinet mien the chassis slides 
into operating position.    Receptacles are wired to accessible terminal 
blocks located on the bottom of the cabinet*    intercabinet connections 

j| are made between these terminal blocks and routed through flexible 
H conduit, 
BE 

f: Power Wiring: The main AC line is connected to the Main circuit 
S breaker located on the Master Power Panel in the short cabinet, 
«-. DI<_ut,«<    -\\*   xxuaa    VXA.V*»I<_   Hum    wia   maxil   kuuuv-    ou   a   ocpcU-Wi    aaa UO' 

jg circuit breaker in each cabinet. 

£ Temperature Control: Each cabinet is equipped with a centrifugal 
blower. Replaceable dust filters are mounted at air inlets. 

2.0 Description and Function of Major Units 

2.1 FM Receiver See figure 5 

The Fki/FM telemetering signals picked up by the antenna are 
amplified and demodulated by a Clarke, Model I67E receiver. The 
receiver output is a composite subcarrier signal which is fed to sub- 
carrier amplifier units for separation of tlie individual subcarrier 
signals. The output also is fed to a speaker to provide aural monitor- 
ing signals. The receiver occupies 8=3/h" of vertical mounting space. 

2.2 Subcarrier Amplifier See Figure 6 

Bach subcarrier amplifier unit provides for separation and ampli- 
fication of up to four individual audio subcarrier signals. Only the 
first three channels are used in this station. Installation of the 
proper plug-in band pass filter is required. Each unit requires 
5-lA in. of panel space. 

* 2.3 Band Pas? Filters See Figure 6 

Plug-in Band pass filters mounted in the subcarrier amplifier 

§ frcm the composite subcarrier signal. 
1 
• 2.1i Regulated Power Supply See Figure 7 

1 ' 

1. 

I ^ The electronically regulated pewer supply which provides plate 
f. power for the filter amplifier units, is conventional in design and is 
I completely contained in one chassis and panel. The Pcwr«r Supply 

requires 8-3/ii" of panel space. 

RESTRICTED 
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Figure 5 - Clarke I67-E Receiver ^igure 6 - Subcarrier Amplifier and 
3and Pass Filter 

Figure 7 - Regulated Povrer Supply 

Figure 8 - Pulse Averaging Discriminator 
and Tuning Unit 
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2.£ Discriminator See Figure 8 
|i "       "" 

The TDA-U discriminator is a pulse averaging instrument which is 
responsive tc a .frequency modulated subcarrier- audio signal. Its 
output is an electrical signal whose sens3 and magnitude is a function 
of the deviation of the sub-carrier from its nominal center frequency* 

,! The discriminator requires 5-lA n of panel space. 

2.6 Discriminator Tuning Unit See Figure 8 

I The discriminator tuning unit determines the center frequency of 
operation of the discriminator* The tuning unit plugs into a multi- 

p conductor receptacle on the discriminator chassis and is locked in 
t-, position by B-«u» fasteners. 
m 

I 2.7 Low Pass Filter Chassis See Figure 9 

3 Low pass filter chassis provides mounting space foy four low pass 
I filters and a means of switching filters in or out.  Only the first 
i » three channels are used in this station. The L.P, filter chassis 
* requires 10-1/2 in. of panel space. 

2.8 Low Pass Filter See Figure 9 

The output signal from each discriminator «aybe fed to ite asso- 
ciated recording galvanometer through a.type TFL-2A low pass filter 
to reduce noise and to attenuate at the discriminator output all fre- 
quencies above those necessary to convey the telemetering information. 
The low pass filters plug into the low pass filter chassis and are 
locked in position by Dzus fasteners. 

2.9 Blower Panel See Figure 10 

This unit contains the centrifugal blower with dust filters and 
the master circuit breaker fo:- each cabinet. The blower panel re- 
QuiTA*  1ft-1/?   in.    of Tiariol   anaro. 
-1-*'^*   ——     ——     —1   —     —-•       «- p        -   -—     — F m 

2.10 Monitor Panel   See Figure 11   I 
An oscilloscope* vacuum tube voltmeter, and ths switching nocec- 

sary for station calibration, and maintenance are mounted on a 
12-l/U in. panel. By means of the switches provided, the input for 
output signal amplitudes may be measured on the vacuum tube voltmeter, 
and viewed on the scope| the oscillator output may be switched to the 
subcarrier amplifier input for calibration, and the EPUT Meter can be 
switched to indicate oscillator output or subcarrier output.  A switch 
is also provided to control the recording oscillograph drive motor. 

i 

I  * 
-5- 
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Figure 9 LOTT Pass Filter Chassis and 
Low Pass Filters 

Figure 10 - Blower Panel 

Figure 11 - Monitor Panel Figure 12 - Berkeley EPUT Lleter 
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2.11 Frequency Meter See Figure 12 

A counter-type frequency meter registers the number of sine ware* or 
pulsos rhich occur in sr> ±nt9!T»l *>t  one second. A single count- may be 
displayed continuously or the count maybe repeated at approximately two 
second intervals. The frequency meter requires 8-3A" of panel space. 

2.12 Audio Oscillator See Figure 13 

Tho audio oscillator provides a source of sine wave audio frequency 
signals for calibration and test of the various subcarrisr units in the 
telemetering receiving station. The audio oscillator requires 6-3/u in. 
of panel space. 

2.13 Oscillograph Control Panel See Figure Hi 

The oscillograph control panel provides level control, polarity 
revelling, signal interruption and patching .jacks for a total of 
eighteen channels. The oscillograph control panel requires lU in. 
ox panel space. 

i 

I 

i 

1 

• 

• 
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Figure 13 - Audio Oscillator 

Figure Ik - Oscillograph Control Panel 
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SECTION II 

THZORT OF OPERATION 

! 

H 

The Bendir 110980 FM/FM telemetering receiving station esplovs 
conventional and proven circuitry. The design objectives have been 
accuracy, stability, and ease of operation. Use has been made of 
recent developments in the telamet.ry field where evaluation has in- 
dicated that use of such developments would enhance system reliability. 
The discriminator employs the pulse averaging type of circuitry in 
order to provide increased 3tability, low drift »ith or without.a signal, 
and a high degree of linearity. The operating procedure has been simpli- 
fied by concentrating the most frequently used controls in one area. A 
block diagram of the Y10980 receiving station is shown in Figure 15. 

The radio frequency FM signals are received by special purpose 
receivers, the outputs of which contain the audio frequency FM signals. 
These audio frequency FM signals are fed into the sub-carrier amplifiers, 
which amplify and separate these signals into their respective bands* 
These separated signals are then fed into discriminators, one for each 
band* lae discriminator demodulates the audio frequency FM signal 
producing an electrical signal whose sense and magnitude is a function 
of the deviation of the subcarrier from its nominal center frequency, 
and with proper adjustaient of the complete system is a replica of the 
original signaJ being telemetered. Provision is made to obtain a 
permanent recoi-d of this signal by connecting the output of the dis- 
criminator to a recording galvanometer through a lo? pass filter, to 
remove any undesired noise, a reversing switch, for convenience in 
reversing the deflection of the galvanometer, a "T" pad, to control the 
level, and a switch, to interrupt the signal. Test equipment, has also 
been included as part of the station for convenience in calibration 
and maintenance. The following units are supplied! en oscillator to preside 
a calibration signal, a frequency meber for accurately determining the 
frequency of the calibration or received signal, and a monitor panel 
consisting of a VTVM and Scope, associated with the necessary switches 
to provide a convenient means of calibration and check of the station. 

2.0 Model 167-B Clarke Receiver 

2=1 General 

The special-purpose receiver is designed for a telemetering system 
employing a radio link and receiving intelligence in the form of fre- 
quency-modulated signals.    The specified tuning range is from 180 to 
260 mc.    See Figure 16,    Some of the receivers used have been modified 
for fixed frequency operation-, by the addition of a crystal controlled 
oscillator. 

The antenna circuit is arranged for single or unbalanced input. 

JTKiGTI RESTRICTED 
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The basic tuning elsrasnt around which the front end assembly is 
designed is a standard Mallory S-I4 Spiral Inductuner.    A stop 
assembly is arranged to restrict rotation of the spiral tuner to tht* 
last one and one quarter clockwise turn of its normal 5- turn rotation. 
The signal frequency is tuned by L-101 and the input capacity of the 
6Ji* plus firing capacities.    A double tuned band—p??? clrcf^t is used 
between the 6JI+ r-f amplifier and the 6AK£ mixer to provide high image 
and i-f rejection.    The coupling between the two circuits is capacitivs 
and consists of ClOu,  C105, and C106.    C105 is adjustable to provide 
accurate control of bandwidth.    The 6JU R-F stage is operated at 
maximum gain at all times to produce maximum signal—to—noise ratio= 
Bia3 for the 6AK5 mixer is obtained from the local oscillator.    This 
method produces more uniform operation at all frequencies. allrwG for 
considerable variation in local oscillator esplitude due to tv.be agin£? 
A.F-C, pulling, etc., and allows direct grounding of both cathode 
terminals to minimize cathode lead inductance and produce maximum input 
resistance, which is necessary at these frequencies.    The mixer is pentode 
connected to prevent distortion of the I-F response due to changes in 

4 plate resistance! which p*y be caused by variation of local oscillator 
amplitude, tube aging,  etc.    A rather unconventional oscillator con- 
figuration is used because of the high frequency of operation and the 
necessity 01   A. r.i>. 

1 The oscillator circuit "*«d is essentially a Colpitts with an un- 
bypassed resistor connected in the cathode to damp tube resvnance.    The 
A.F.C. reactance tube is connected directly across the combination of 
the grid-plate capacity and a 27 ohm carbon resistor.    Input resonance 
in the reactance tube is not damped by the cathode resistor since the 
grid circuit must return to the cathode.    The use of a small resistor 
(27 ohms) in the grid circuit extends the operating ranee through 
285 ?nc.    A.F.C. may be turned on or offor supplied from an external 
source by a front-panel control. 

The crystal-controlled oscillator, See Figure 16, which is used 
when fixed-frequency operation of the Clarke receiver is desired, 
employs an overtone crystal in a cathode—coupled circuit, and three 
type CK5703 subminiature tubes. 

The crystal frequency was chosen so that adequate oscillator 
injection could be obtained by doubling twice.    A test to determine 
optimum oscillator injection for maximum sensitivity showed that the 
optimum value of oscillator voltage was between k and £ volts,  and that 
the injection voltage could vary from 3»o to 6.0 volts with about a 
1.0% loss in sensitivity. 

The link coupling and double-tuned coupling circuit employed 
, permits adjustment of the link eo that the optimum value of oscillator 

voltage may be obtained upon installation in the receiver.    A high 
jjnpeuaiice i>ypw OJ. voxu2i& i*sr is sspo-oj-5v*  uO rcav*  uf5c rcc^»»— ^— ^ri— 
voltage at TP117.    Since TP117 is the midpoint of the mixer grid . 
resistor, whatever voltage is observed must oe multiplied by wo to 
obtain the correct injection voltage. 

- b - 
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xiiS r—A unit is a complete asje >ly with input and output signals 
available through coaxial connectors and with power and A-F,C. leads 
through a small cable. 

The   1—f   awn! 1 fi AT   iq   a   qmaM+.o.    nran-nl o+.ol w   oh-ialrfo^   aoaof'^'lTr  w^ich 

is conventional in most respects.    Two high-gain stages using 6CB6 tubes 
are followed by a 6CB6 first limicer and a 6AK? second limiter.    A 

I The discriminator circuit is a conventional balanced phase shift 
f* type.    In order to obtain balance the secondary is bifilar-wound and 
jM link-coupled to the primary,    This link is adjusted in production for 
aw uLLniHram distortion.     For stability a self—resonant choke is connected 
• to the output lead. 

* Signal level monitoring is provided by sampling ths rectified signal 
(» current of both limiter grids.    The second limiter developes a voltage 
jjir proportional to the input signal up to about 10 uv.    Above this level 
||gj the voltage on the second limiter is constant, and a voltage pro- 
W     * portional to the logarithm of the input exists at the first limiter- 
*=, These voltages are combined to produce an easily read logarithmic signal 
w strength scale. 

B 
^ A 12AU7 is used as a uu bridge to indicate discriminator output for 
• * tuning purposes and a3 a direct coupled video amplifier.    V110 is used 
fe as a cathode follower output stage and is direct coupled from the video 
m amplifxer.    The output is I0-15> volts RMS for + 12;>kc deviation. 

I S A conventional two-stage amplifier with built-in loudspeaker is 
provided for monitoring. 

2»2 External Signal Strength Recording 

Provision has been made for supplying 10 ma to record variations in 
signal strength. This signal is the combined plate and screen currents 
to VIOU, and it is adjusted to 10 ma with no signal by varying the 
screen voltage with KL50. The signal thus obtained is reverse reading? 
i.e., 10 ma is obtained with no signal, and minimum current is obtained 
at maximum signal. The signal strength circuits are connected to 
channels 13 to 16 inclusive on the oscillograph control panel. 

3.0 Subcarrier Amplifier 

The subcarrier amplifier provides for separation of up to four 
audio subcarrier signals from tho composite video subcarrier signal. 
The four subcarrier amplifier units contained in the telemetering 
receiving station thus provides sixteen subcarrier amplifier 

, (separation) channels. Each channel consists of a cathode follower 
input stags, filtor, a signal amplifier stage, and a cathode 
follower output stage. The composite sulcarrier signal from the 
receiver is parallel fed to the subcarrier amplifier channels. 
See Figure 17, 

- 9- 
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The cathode follower input stage of each subcarrier amplifier 
channel provides high impedance input.    Thus the receiver output 3tage 
is lightly loaded even though it drives the fourstages in parallel. 
The cathode follower input stages also provide the proper driving 
impedances for the filters. 

Twelvo of the channels are equipped with plug-in band pass filters. 
The filters normally provided ^ith the station have center frequencies, 
as noted in Section I.    filters are available on special order with 
center frequencies ranging from 04li to 70.0 kilocycles per second, and 
with bandwidths to provide for deviation of *7% or +15 percent of center 
frequency.    Each filter passes the subcarrier channel for nhich it was 
designed while rejecting all others.    Representative performance of the 
filters is shewn in Figure 18.    Attenuation from the band edge of each 
filter to the cross over point with the adjacent pass band is not less 
j ». _    1 r»  _»«_ 

u.O  Discriminator 

ll.l General 

The TBA-ii discriminator is a pulse averaging instrument which is 
responsive to a frequency modulated subcarrier audio signal. Its out- 

the deviation of subcarrier from its nominal center frequency. Bach 
discriminator is tuned to one of the subcarrier channels by an inter- 
changeable plug-in tuning unit. The schematic of the discriminator is 
snown xn ro.gux-e J--« 

1. n Characteristics 

U.2.1 Input Range* Full limiting with 0.3 to 50 volts rms input. 
Nominal range 2.0 to 8.0 volts rms. 

li«2s2 Center Frequency Range? 14 CO cps to 70 kc, center frequency 
determined by plug-in tuning unit employed. 

li.2.3 Input Impedancer 500 K ohms. 

it.2.h  gubcarrier Frequency Deviation* Determined by tuning unit 
employed- Tuning units providing for +7 1/2JK or +15^ of center 
frequency are normally employed. 

U.2.5 Intelligence Frequency8 Modulation may be dc to as much as 
5>0jb or oanawaatn, aeterminea DV tuning unit employed. 

ii.2.6 Output Levelt  Minimum of *10 milliamperes ecrrespending to 
+ full subcarrier deviation from center frequency. 

li.,2.? Output Impedance; '30 ohms nominal. 

4,2.8 Type of Outputs Push-pull cathode followers, balanced t« 
chassis ground. 

- 10 - 
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MODELS   TBP-3 S TBr-4 
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RELATIVE   FREQUENCY 

iNStRiiON   LOSS 
NOMINAL   3DB 

MAXIMUM 
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1;.2.9 Linearity of Output vs Subcarrier Frequency: 0,5%  of 

4.2.10 Output Response vs Intelligence fr'THcniencys Flat within 
•I do. 

Ji.2.11 Output Stability? *Q.5%  of bandwidth per hear fc; 

U.2.12 Maximum Output Noise Levels Less than 5 millivolts, 

!i*2.i3 Power Source; 115 volts regulated, 60 cps, 100 v.a. 
Regulation within *1% is required for specified performance. 
Nominal output varration is +0.25? of bandwidth per volt line 
variation. 

'•i.2."lh  Panel Sige? 5-l/u inch x 15 inch» 

iu2.15 Chassis Size; 13 inch x 17 inch x 2 inch. 

U.2.16 Weight: 28 pounds. 

U»3   Circuit Theory: 

Tube^ 7301, is a linear preamplifier with an input level control, 
R301, appearing on the front panel. This tube includes a dicde which 
rectifies part of the signal voltage to operate the signal level meter, 
M301. V3l6 -^5 * olipp«r«-driv6r stage usine a 6AU6 which clit>s the input- 
sine wave. Tubs 7302 is a 12AU7 twin tricde and is used in an Eccles 
Jordan trigger circuit having tsro stable limiting conditions. The am- 
plified frequency modulated subcarrier signal, shown as waveform A in 
Figure 20 is clipped by V316, thai triggers the B.J. circuit on each 
half cycle, and produces a rectangular output from the trigger circuit, 
wave B. This signal is differentiated by means of the 10 uuf capacitor, 
C307, and the 100K ohm resistor, R31p, to produce waveform C. The signal 

cutoff condition. The cathode return of V302 is common with V303 through 
resistor R318. The voltage drop across this resistor due to the plate 
r«rr»nt thro&gh 730? holds V303 at cutoff. 7303 conducts only on the 

Its pulse output is shown as waveform D. The pulse repetition rate is 
the same as the subcarrier frequency. 

This pulse is applied to a univibrator including tubes V30li, and 
V305j having one stable Halting condition, and one unstable condition. 
In the stable condition 7305 is conducting and 730l» is conducting and 
V3QJi, is cut off. The negative pulse of waveform D is ipplied to the 
grid cf 730$ through resistor R32U and capacitor C313. This cuts off 
7305 which causes V30U to conduct. This is the unstable limiting con- 
dition and continues for an interval determined by the time constant of 
0313 and R332 and the threshold voltage on the grid of 7305. This voltage 
is adjustable and is controlled by the balance controls R329 and R131. 
These are available on the instrument panel.  At the end of the unstable 
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LOWERED 
FREQUENCY 

RAISED 
FREQUENCY 

vAOA 
~ 1 I 

INPUT  SIGNAL 

V303,PIN I 

vooo,r«nt 3 
SEE  NOTE  I 

V304,PIN5 

V305.PiN5 

V306A,PIN 8 

r~" 

'X///Y//AS///,  '//// 
*       *      **    *       f       s * a s    *    * 

T fTJ'P ff TVyjP9 ^~s+ / 

V////X/AY/. W//W//A. 

i   r 

/   VV1KR   PIN * 

V///7777///7,. 7////77777///Zr,. 7^7?ZoK 

I 
~7/7/7/7 

OUTPUT 
V307, PIN 2 
REFERRED TO 

^ V308.PIN 2 

NOTE*  I. UNIVIBRATOR WAVEF.ORM  IS 
SUPERIMPOSED. REMOVE   V304 
TO OBSERVE   WAVEFORM  ILLUSTRATED. 

TDA-4  DISCRIMINATOR WAVEFORMS 
rigure - 20 
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period V30? returns to the conducting condition which causes V30ii to again 
go to cut off- Thia sequence of operations is repeated for every cycle 
of the subcarrier frequency. 

The pulse fera at the plats of V3Cii is shewn in wavefor i S and that 
at the plate of V305 in waveform F. These tno pulses are applied to the 
grids of two cathode followers V306A and V306B, a 12AU7 twin triode. As 
shewn in wavef arm H. when the grid of the upper triode £ acres negatively 
with the first half cycle of the subcarrier signal, the grid of the lower 
triode B moves in a positive direction, F. Waveforms E and F also re- 
present the pulse forms present at the ca+hode of the two triodes. The 
average DC voltage at the grid or cathode is represented by the dashed 
lines in E and F. This line is iocated when the shaded area under the 
curve of the negative pulse is equal to the shaded area under the positive 
pulse. Elongation of the positive in E will thus move the DC average 
•uuS upward as in G. This represents a lowering ox the subcarrier fre- 
quency* Increasing the frequency will shorten the positive pulse and 
lower the average DC voltage at the cathode of triode A as in I. 

Similarly in waveform H elongation of the negative pulse caused 
by lowered frequency will lower the average DC positive potential at 
the cathode of triode B« and increase frequency will raise its as in 
J. These voltages are measured from the negative return or copper 
ground, and not from the chassis* 

The DC average at the grid of triode V306A shown at E, is some- 
what positive with respect to the DC average at the grid of triode B 
shown at F. This is the voltage condition at center frequency. As 
an example, the average positive potential on the grid of upper triode 
M. is approximately +87 volts and that on the lower triode i3 +82 volts 
at center frequency. Since center frequency is represented by equal 
voltages at the cathodes of these triodes, cathode resistor R337, used 
with triode A is smaller than resistor R338, used with lower triode B. 
Thus due to the different cathode currents in the two triodes the average 
DC voltage drops across thes6 resistors are approximately equal at center 
frequency. 

Increase of subcarrier frequency will thus produce a cathode volt- 
age unbalance, *ith the cathode of tricde A negative with respect to 
cathode B. A frequency lower than center frequency reverses this unbalance, 
with the lower cathode negative with respect to ths upper cathode* 

An average DC voltage difference between the two cathodes ira thus 
brought about by a change in frequency. These two DC voltages are 
applied to the grid of V307 and 7308 through RC filters in the plug- 
in tuning unit which serve to filter the pulses from the DC voltages. 
These tubes are used in a voltage measuring^ bridge circuit, and the 
100-0-100 output meter, i£302, is connected between their cathodes. 

- 12 - 
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This is a sero center meter and when there i3 no voltage, difference 
between the cathodes of ^307 and 7308, the lueter indicates zero 
(center scale).    Zero meter reading indicates center frequency*    Lower 
frequency moves the meter pointer to the left of sero.    Frequencies 
higher than center frequency will move the pointer to the right, 

A protective thermal delay relay. K301.  and the 330 ohm output 
T-pad, R368, are connected in series with the meter M302.    The reJay 
delays closing the circuit through the meter and output circuit until 
all tubes have reach id a stable operating condition.    This is to pro- 
tect the sister and the galvanometer connected to the output circuit 
from current surges during the tube warmup period, 

A center adjust control, R3U0, and test switch, S303, are provided 
on the front panel for adjusting the voltags balance at the cathodes 
of 7307 and V308s    "or b*l§j\cing» switch 5303 i? closed, connect-in17 the 
girds of 730? and 7308 together*    The center adjust control is    then 
adjusted until the output meter M302 and the recording galvanometer 
read sere.    The test switch S303 is then opened,   "nm the incoming 
subcarrier is known to be on center frequency, the balance controls 
R329 and R331 are adjusted to bring the meter and galvanometer again 
to aero readings.    The meters will now accurately indicate frequency 
deviations above or below center frequency. 

Tilth a discriminating circuit of this tyoe, circuit failure or off 
band operation of the input signal might damage the indicating meters. 
Therefore, protective circuits are provided.    If the pulse amplifier 
tube, 7303s fails, the univibrator ranains in its stable limiting 
condition.    Tube, 7301*, would be cut off and the grid cathode of 7306A 
would be highly positive.    Tube 7305 would be conducting and the grid 
and cathode of 7306B would remain negative with respect to the grid and 
cathode of 7306A.    A serious and continued unbalance at the cathodes of 
7307 and 7308 would result.    Much higher than normal current would flow 
through the indicating and recording meters with resultant damage to the 
meters.    To prevent this damage if this unbalance should occur,  tubes 
730y, 7310, and 7311 will operate to protect the meters as follows? 
The screen current for tubes 7307 and 7308 passes through 7309 from the 
plate supply.    Since the grid of 7309 is connected to the positive 
plate supply through R3U9,  the plate resistance of this tube will 
normally be low.    The plates of tabes 7310 and 73il also connect to the 
grid of"7309.    The cathodes of these tubas return to the cathodes of 
7307 and 7308 and their grids connect to the opposite cathodes,    Thus 
the cathode of 7311 connects to the cathode of 7308 through R35>1, and 
its grid to the opposite cathede 7307.    7310 is connected symetrically 
opposite with its grid to 7308' and -cathode to 7307, 

Tubes 73IO and 7311 are normally held at cutoff by means of DO 
bleeder current through R350 and K351 for one tube, and through 
R3ii!i and R3k6 for the other tube.    Tubes 7310 and 7311 therefore 
measure the DC unbalance which may occur between the cathodes' of 7307 
and 7308.    If that unbalance exceeds the threshold bias voltage on 
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either tube, it draws plate current through R3h9»    This places negative 
bias on 730?, reducing its plate current and also the screen current to 
tubes 730? and 7JG8.    Cathode voltages at these tubes are thereby reduced 
thus limiting the current through the meters to a safe value.    If the 
subcarrier shifts too far out of the band on the low frequency side, 
7311 operates to protect the meters.    If on the high frequency side,,  then 
7310 comes into operation. 

The leads to the low pass filter are connected to terminals 8 and 
10 on connector P301.    Full output signal, unaffected by the setting of 
this output T-pad, may be obtained between terminals 10 and 12. 

i U.U Standby Stabilization Circuit* 

I 

During normal operation of the station the equipment may stand for 
extended periods without being in actual use, althou^i the power is on. 
Under these conditions, the hysteresis of electron emission of tubes 
730a and 7305 may cause some difficulty in maintaining balance. In the 
"no signal" condition tube 7305 is in a conducting condition and tube 
73C4 is cutoff. Hhen later the circuit is balanced while receiving an 
incoming signal, it may be found that the balance will drift with time 
due to the hysteresis of 730U and 73C5 and also to some extent., 7306, 
^307 and 7308. This of course necasbiuates rebalance. 

• 

To minimize this difficulty a standby stabilization circuit is 
provided using tube 731? and relay K302. The relay is shown in its 

|u non-operated position, with no incoming subcarrier present. With the 
arrival of a subcarrier signal, rectified voltage is applied to the 
grid of 7315* causing this tube to conduct- and to operate the relay. 

I The relay closes contacts 2 and 3, connecting the plate of 7305 to the 
I grid of 730U through the voltage divider of R319 and R320* Contacts 
f U and 5 of the relay are opened, removing the short circuit between 
I the grids of 7307 and 7308, This prepares the circuit for normal 
K operation as previously described. 

|: During periods of no incoming signal, there will be no rectified 
I signal voltage on the grid of 731?. The relay ioQ2 will thus be ncn- 
|; operated, and with circuit connections as shown. Contacts 1 and 2 will 
f thus be closed, making a circuit from the grid of 730u back through 
"§ capacitor C320, to the plate of 7305. •* positive feedback loop is thus 
J SZ^iaX/HStlSS. rrom   wio ^auu  «J.   >JW   omuugu  u.jcnt   UJJO,   vjujf   yj^cyt 

I contacts 1 and 2 of relay K302, to the grid of 730U. This circuit thus 
f oscillates at a frequency determined by these circuit constants and 

also the DC voltage at the grid of 7305. This voltage, ss previously 
I, mentioned, is controlled by the settings of the balance controls 
,1 R329 and R331. When these controls are previously balanced for center 
I subcarrier frequencies, this circuit will oscillate at approximately 

center frequency. Thus when the incoming signal fails, and also during 
I 

-*" j I I 
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standby periods, tubes V30U and 7305 will continue to function, and 
draw the same plate currents, as when normal signal reception is 
occuiring.   The cathode emission characteristics of these tubes will 
thus not be changed due to extended periods of quic=csnt standby 
operation. 

i i 

m 

I 
Contacts k  and 5 of relay K302 are wired to terminals 3 and 6 of 

jack 308. Therefore in the standby c«nditio*i- the rrrids of 7207 and 
7306 are connected together, and these tubes will thus draw approx- 
imately equal plats currents. Average cathode emission requirements 
of these tubes will also be the same, with or without subcarrier 
signal. Similarly the triodes of "306 operate at approximately equal 
plate currents with or without subcarrier signal, because tubes 730J; 
and 730? are always in an operative condition. Center frequency 
balance is thus stabilized over long periods of standby operation, 
through elimination of cathode emission hysteresis. In the event of 
signal failure the indicating meters return to zero or center frequency. 

I 

1 

I 

iu5" Power Supply Circuit 

A conventional power supply is provided on the chassis to supply 
all heater and plate voltages for the discriminator circuits.  Two 
6 X h   rectifiers V312 and 7313 are used to conduct the approximate 
U'J milliamperes required. Tubes 7301. 7306- 730?; V308; T309- 7310 
and 7311 receive 300 plate volts unregulated, Supply voltage to  all 
oth«r tubes is l£0 volts regulated, 731?i i13 the regulator tube. This 
is an OA?, 150 volt regulator, and the socket is so wired that the 
negative return to the power transformer is opened when the tube is 
removed from ite 

A test meter and test switch are provided on the front panel for 
checking plate supply voltages and currents. The switch is a six- 
position switch and is wired tc measure the following. 

Fosition 1 "  Unregulated plate voltage 
2 - Regulated plate voltage 
3 - Total plate corrsixt 
4 — Regulated plate current 
5 - Plate current-tube 7308 
6 - Plate current-tube 730? 

Optimum operation or tlis equipment occurs with meter readings within 
the marked green range, but entirely satisfactory operation can be 
expected with meter readings between .7 and .9* 

Ii.6 Discriminator Compensation Circuit. 

A compensation input connection is provided in the discriminator. This may 
be used in making permanent oscillograph records from composite sub- 
carrier signals which have been previously recorded on tape. External 
controls and connections for this circuit appear on the rear chassis 
wall adjacent to the power connector. In making a tape recording of 

. 
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• 

c casposite leiasistcring signal, the recording mechanism scnstimee 
introduces a frequency instability or wow. To minimise this effect 
when the recording is played back, and ^hen the permanent separation 
record is made on the recording oscillographs, frequency caapensation 
mav be provided. The circuits which may oe used are shown in Figure 
21, 

- - 1*r!" • •-• ~ =hcs?s z. S6vJ-od of taps rscoi\li.u& a ^uutpcsite telemetering 
signal. This method includes recording along with the composite video 
signal^ a signal from the audio oscillator of selected frequency. The 
frequency used must be one which is not present in the composite video, 
but one for T*hich a band pass filter is availablea The signal from the 
receiver and audio oscillator must be mixed in a linear mixing circuit 
(not supplied) and fed to the 300 cycle high pass filter, and then to 
the recorder as shown. Other filters and discriminators may bs used 
simultaneously if desired, The amplitude of the oscillator signal must 
be comparable to that of the composite signal. The frequency of the 
oscillator auat be accurately adjusted to the center frequency of one 
subcarrier channel* 

When at a later time, it is desired to obtain oscillograms from 
the composite tape recording, circuit B is used* As shown, the output 
from the tape recorder is connected to the filter/amplifier input .jack 
in the receiver cabinet. B*-d pass filtor/amplifiers and discrimin- 
ators arc connected for all subcarrier frequencies in the composite 
vidso signals One additional band pass filter/amplifier (2) is used, 
with center frequency equal to that of the audio oscillator used during 
the original recording. The signal from this filter feeds and addition- 
al discriminator. Signals from tenninals 8 and 10 (conr.sctor ?3C1) 
of this discriminator are amplified in a DC amplifier (not supplied) 
and connected »•» shown to terminals 9 and 11 of P301 of sll discrimi- 
nators in use. Referring to the discriminator schematic, terminals 
9 and ii of connector P301 bring the signal from the DC amplifier to 
the compensation level adjusted R369* Frcsa there the DC voltage is 
applied through resistors R373 and R37U to the grids of the discrim- 
inator output tubes 7307 and V308. 

2 
In operation, the signal from the audio oscillator is recorded on 

the tape together with the composite video signal. During the re- 
cording, any irregularity in tape velocity will cause frequency insta-= 
bility in the recorded signals. Again during playback additional 
frequency instability may be introduced. This effect may be minimized 
by proper use of the circuits shown. 

In circuit B the DC output voltage from discriminator (1) will be 
a function of the recorded signal of the audio oscillator in circuit 
A. If during, playback the frequency of this signal varies, the Dfi 
output voltage from the discriminator will varye Similarly the 
frequencies of all subcarrier signals to all discriminators will vary 
and will cause a corresponding variation in all discriminator output 
voltages. The amplified output voltage from discriminator (1) is 

- 16 - 
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6.0  Oscillograph 

The oscillographs are Consolidated Type 5-11 )i which are equipped to 
record 18 channels of information. Two oscillographs are used with each 
station. The galvanometers in one unit are in series with those in the 
other unit, to insure two identical records. RefiSF to CEC Instrument 
Manual. 

applied to all other discriminator compensation circuits. Whan this 
^ voltage is of the correct polarity and amplitude, it will counteract the 
|j instability of output voltages from these discriminators, which is due 
fc? to the recording instability. A polarity reversing switch S3 Oh, mounted 
j« on the front panel of the unit permits selection of -he proper com- 
f pensstion colarity. and R36° permits adjustment of proper amolitude. 
B I 
** External phasing circuits may be required if the ccmpfinsa+.inn «So«»l 

frequency dirfers greatly from the subcarrier frequency, or frequencies 
in the composite signal. Since the amount and phasing of the dis- 
tortion will depend on the recording equipment employed, it is suggested 
that initial adjustments be made with simulated signals. Incorrect 
wiring or adjustment could result in loss of an irreplaceable recording. 

• 
£•0  OscilloeraDh ControljPanel  See Figure 22 

For ease of calibration and checkout all output signals are brought 
to the oscillograph control panel. Each channel has a reversing switch, 
a 330 ohm T* pad, a signal interrupting key switch and, an output 
bridging jack. 

i 
The twelve" discriminator outputs are connected to channels 1 to 12 

inclusive* the receiver signal strength outputs Co channels 13 to 16 
inclusive. Channel 17 is used for timing si«2»ls and channel 18 is 

1 eps iim* base signal. 

7»0  Teat and Calibration Equipment 

7.1 Audio Oscillator See Figure 23 

Accurately measured audio frequency calibration signals for the 
subcarrier amplifiers and discriminators are obtained from a Hewlett- 
Packard Audio Oscillator* ftriichas on the monitor panel connect the 
oscillator to any of the subcarrier amplifiers* 

7.2 Frequency Meter See Figure 2h  and 25 

The frequency meter is a Berkeley Scientific Co. Model $5h  Events- 
Per-Unit-Time-Meter which consists of five decade scaling units, a one 
second time base derived by division from a 100 kilocycle crystal 
standard, appropriate gating circuits, and a regulated power supply. 
Signals of unknown frequency, of sine wave or other recurring wave fcrm 
are shaped by input amplifie-s and are then fed to a gating circuit 
which is controlled from the one second time base. The count, equal to 
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the urknowa frequency- is displayed until the unit is reset or turned 
off. The unit, nay be r«««t. issnaally or automatically. The automatic 
reset may be adjusted to display the count (trfcacjrn frequency) fro?" sbout 
one to three seconds. Since the count requires one second, a me necoad 
display means that the unit recyciee at a tiro second rate, This rate 
pbirmits rapid adjustment of the audio oscillator and calibration of 
discriminators and galvanometers. Accuracy of the unit is +10 parts 

jf--*« v>jrt»xci» 

7»3 Monitor Panel See Figure 26 

The Monitor Panel combines a Millen Oscilloscope, a Measurement? 
corporation Vacuum Tube Voltmeter, function and selector switches. 

signal outwit f?o» the receivers and the subsarrisr amplifiers m*j 
be viewed on the oscilloscope, and measured on the V.T.V.M. 
Calibration voltages from the audio oscillator may be switeved to each 
channel. Frequency meter say be switched to calibration or received 
signal for accurate determination of frequency. A recorder control 
switch is provided to control the recording oscillograph motors 

8.0  Miscellaneous Equipment 

8.1 Regulated Power Supply See Figure 2? 

The regulated po*er supply famishes plats and filament power for 
the subcarrier amplifier. 

8.2 Low Pass Filter Chassis See Figure 28 

The lew pass filter chassis provide minting ped connections for 
four output channels. Only three are used in this station, each channel 
k.^ *»*• r^psd Tith a I-~ ps.5o flit ex- o£ CJUJ cycles cut ox i  rrequeney.    A 
switch te bypass the L.P. filter is also   provided.    The low pass filter 
.•frequency response curve is shown in Figure 29. 

^•'S   HLower Panel   3ee Figure 30 

The ulonoT panel contains a centrifugal blower and a dust filter 
arranged to supply filtered air to two air ducts at the back of the 
cabinet.    Also provided ib a caster power circuit breaker for control 
or poser to the cabinet and a duplex output receptacle for convenience. 

8.U Blower Units 

Two small centrifugal blower units are mounted at the rear of the 
ffm^n cabinet to provide ventilation. In this case the dust filters 
are mounted on the side of the cabinet. 

» 
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8?£ Master Power Control Panel   See Figure31 

The master power    power panel contains two power circuit braakersj 
ona for the control of power to zne control cabinet, and the other for 
control of power to the entire station. 
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SECTION III 

The equipment is so arranged that under normal operating conditions 
no external connActions, cords or plugs are required for operation or 
calibration. Calibrate and operate switches are interconnected to in- 
dicate by means of a ••RECORD" light the proper operating position. 

The station is assembled with a separate RF channel for each large 
cabinet. Thfi RF channel consists of a receiver, subcarrier amplifier, 
three discriminators and three low pass filters. The first and second 
subcarrier amplifiers have separate power supply unit mounted in the 
third cabinet. According? y each RF channel can be operated separately 
or in combination with one or more of the others. The Monitor Panel 
which includes the calibration switche3,7T7M and Scope is mounted in the 
fourth cabinet. The calibration oscillator, frequency meter and the 
oscillograph control panel are mounted in the fifth or short cabinet. 

In addition eacn large cabinet is equipped with a Blower Panel 
which includes a master circuit breaker ror the equipment in that cabinet. 
The short cabinet is equipped with a Master Power Panel which includes a 
master circuit breaker for the equipment in the cabinet and also the 
main circuit breaker for the complete station. All circuit breakers and 
AC switches are equipped with pilot lights to indicate operating 
conditions. 

2.0  Energizing Station 

2.1 Turn "ON" main breaker on master power panelj pilot light should 
indicate. 

2.2 Turn "ON" master breaker for each cabinetj pilot light should in- 
dicate and blowers should operate. 

2.3 Turn "ON" power switches of each unit. All power switches have 
associated pilot lights which should indicate. 

- 20 - 
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OPERATION 

1,0  General   

The Bendix YiOyoO Telemeter Receiving Stations are installed in 
special trailers, two stations and a voltage regulator to each trailer* 

The stations are entirely separate and car: be operated independently 
or similtaneously. They are mounted along each side of the trailer- 
The right hand side layout is shc*v.  in Figure ?, The left hand side is 
a mirror image of the right, with the exception of the location of one 
recorder. For convenience in operation, all controls are located near 
* *.. i  

i 
i 

! 
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3.0  Check 01 Station Ooerating Condition 

3»1  Note that all pilot lights are lighted. 

3,2      Check that line voltage on voltage regulator is 115 to 120 volts. 
This voltage may be adjusted at the voltage regulator by means of the 
voltage control at the left of the meter en its front panel. The 
regulation ui- sensitivity control is located to the right of the meters 
To set this control properly,, turn the control clockwise until the reg- 
ulator begins to hunt.  Then back off the control until the hunting 
stops. 

RESTRICTED 

3.3  Use the built-in testing circuits for rapid checking of the units. 

3-3.1 Filter Amplifier; A nine point tost witch on the front 
of each filter amplifier chassis permits checking the 
plate current to each of the six tubes. In the T position the 
total plate current to all these tubes is measured. The meter 
reading should lie between „7 and .9 in each test position. 

3.3.2 Regulated Power Supply; The regulated, power supply has a 
testing circuit controlled by the four position switch on the 
panel. Positions 1 and 2 check the current through each triode 
of V702. The currents should be approximately equal. Position 
3 checks the total plate current output. Position u checks out- 
put voltage. This should be approximately 250 volts, 

3.3e3 Discriminator; Each discriminator also has its own testing 
circuit controlled by the 6-point panel switch. This circuit 
checks regulated and unregulated plate currents and voltages. All 
switch positions should indicate between .7 and .9 en the test 
„, . „   . _, *Pv.«    _,.i.M-*x    _«x _«•   —l — T J a     - J- —     - -     - -»     « » •       ,,   « 
UI^UUI •no    uuupuu   uci/Ci     diiuuiu    xcau    UCUUBi'    SUtlXtSj    CU1U     OUC*    XlipUb 

meter should indicate zero when the input control is set to zero 
input. 

k»0      Qualitive Cheek of Station Performance 

lul  Discriminators 

• 

ii.l.I The switching circuit on the monitor panel is arranged to 
test each subcarrier amplifier with its three associated discrfs- 
inatorsa  There are four subcarriers amplifier chassis A to D 
inclusive.  The following procedure is given to test A channel 
and should be repeated for the other channels using the switches 
for that channels, 

U«l»2 On mointor panel turn input selector switch for receiver 
A (3901) to calibrate, ("CAL and VTVM selector switch (39C5) 
to A. (This connects the audio oscillator to the input of the 
subcarrier amplifier and bridges the VTVM across the input). 

- 
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li.1.3 Set audio oscillator to 7350 cycles and adjust the output 
for 1 volt« 

li.l.lt Set gain of all discriminators to maximum, 

U.1.5 Adjust gain of No. 1 subcarrier amplifier until input meter 
on Nos 1 discriminator (7.35kc) reads approximately midscale. 

U.I.6 Repeat (U.1.5) for #2 channel with the oscillator set at 
10500 cycles. 

u.1.7 Repeat (U.l»5) for #3 channel with the oscillator set at 
lii500 cycles. 

h,1.8 Swing oscillator frequency from 6000 cycles to 9000 cycles. 
The No. 1 discriminator output meter should svring to extreme left 
scale, back to center as 7350 cycles is approached,* to extreme 
right scale and back to center as the frequency is increased. 
No. 2 and 3 discriminators should indicate zero (center scale). 

U.1.9 Continue to increase oscillator frequency and watch the per- 
formance of successive discriminators. Each input meter should 
read, in the proper band of frequencies. 

k.1.10 Each meter should swing to extreme loft scale to extreme 
right scale and beck to center as frequency is increased and shouM 
swing through center at the center frequency of the discriminator. 
If the discriminator frequency does not stay within limits, the 
discriminator should be replaced or recalibrated in accordance with 
calibration procedure given in Section 17. 

It-lsll Repeat complete procedure for group B, C, and D equipment. 

U.2  Filter Amplifier 

The filter amplii'isr can be checked separately by reading 
input and output voltages on the VTVM. 

li-2ol On monitor panel turn input selector switch for receiver A 
(S901)$  function selector- switch (3907), «nd VTVM selector switch 
(S905) to the calibrate position ("GAL"). 

Ii»2.2 Adjust the audio oscillator output for a 1 volt reading on 
the VTVM. 

U.2.3 Turn gain control of each channel of the filter amplifier 
to maximum. 

- 22 - 
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k»2t,k  Switch VTVM to output of filter amplifier by switching 
VTVM selector switch (S90?) to "CHAN", and channel selector 
snitch (S906) to channel "Al", 

•'i.2,5 Set tho oscillator to 7350 cycles and note output voltage on 
VTVM. It should measure approximately 12 volts. 

h??z6 Repeat h>2*k  sr-4 y.2.5 for channels "A-2" and "A-3", using 
frequencies of 10500 and HiSOO cycles respectively. 

U;2.7 Repeat «.2.1j, lu2.5 and 1;.2.6 for B, C. and D filter am- 
lifiers. 

U.2.8 Response of band pass filters may be checked by slowly 
swinging oscillator over the appropriate band and noting a decrease 
in discriminator output at the band edge frequencies. 

Turn up the audio gain on the receiver and tune in a signal; 
Listen for audio signal from the speaker. Observe operation of 
the two meters on the receiver panel as the tuning dial is rotated 
through a signal. For turnable receivers only, the aero center 
Eeter should swing right, then left, as the receivers is tuned 
through a carrier. The other meter indicates carrier signal 
strength. Check antenna systss for proper connection and orienta- 
tion. 

U«U Vacuum Tube Voltmeter 

To check the vacuum tube voltmeter, turn input selector 
switch (S901) for receiver "A" to calibrate position and the 
VTVM selector switch (S90f>) to HAK. Set the VTVM on AC and as 
the oscillator output is varied, the VTVM rea .ing should vary 
also. 

U.5 Audio Oscillator and EPUT Frequency Meter 

The oscillate* and frequency meter may be used as a check on 
each other. Set EniT selector switch on oscillator. After 
warmup period, indicated frequency on oscillator should appear 
en the frequency meter. The frequency meter may also be self 
checking using an internal test circuit. Set the controls of the 
frequency meter as follows? Auto-manual on manual, display time, 
extras counter clockwise* Start, on Internal Start. Operate- 
TEST, en test. Sensitivity, extreme clockwise. The frequency 
meter should display a number every two seconds. The number should 
be either 00000 or 99999. Move Operate-Test to operate. Set 
the audio oscilla+or successively tc various frequencies from 
about liOO cycles to 30,000 cycles. The frequencj; of the oscillator 

- 23 - 
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I 
should be reliably indicated on the frequency mster.    Differences  of one 
cycle on successive counts of the same frequency will  sometimes occur. 

I This is a normal condition.    Adjustment of sensitivity control may 
be requited to obtain satisfactory counting action.    The audio oscillator 
may also be checked for voltage arid waveform of output by patching to 
the VTVM and the oscilloscopes 

5.0      lexemetering Pro-operation Program 
• 

5.1  Ooerationai Plan 
; 

In most cases it will never be possible to repeat an operation. 
The greatest possible care and precaution must therefore be exercised 
in preparing for, and in operating the station during the operation. 
The most experienced station operator will occasionally overlook some 
important detail. Therefore, there are a number of precautions which 
should be taken. 

There must be two qualified station operators present, prior to 
and during the operation. Each man must have a check list of oper- 
ations ?nd adjustments for which he is responsible. He must check off 
each item on the sheet as he makes the adjustments0 These sheets aust 
be dated, signed, and provide a permanent record for future reference, 
of the station operation. 

- 2k- 
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A complete and detailed operation plan must be prepared prior to 

5 
the flight. This plan should show every step and operation to be made 
preparatory to the launching, and may cover a period of several hours, 
depending upon the amount of preparation required. The times of major 
operations must be shown. As a part of the flight plan, detailed 
application information showing galvanometer setup must be prepared. 
Because the telemetered functions, the recording medium, and the recording 
galy?riC«!ieters arc intimately reia+.sd, this must be prepared by those 
in charge of the telemetering station, in close cooperation with those 
in charge of the project. A knowledge of what functions are to be 
telenetered, their amplitudes, and frequencies or rates of change, is 
required. Familiarity with the characteristics of the galvanometers, 
such as sensitivity, element frequency response, and damping character- 
istics is necessary, in addition to a knowledge of the setting up 
of the galvanometers in the recording oscillograph. Also, experience 
in the use of recording mediums, is required. Information regarding 
films and capers- types, speeds, and exposure characteristics is 
obtainable from the manufacturerse Paper for telemeter recording is 
manufactured by Eastman. 

Film for telemeter recording is manufactured by Eastman, Ansco, 
and DuPont. Ozalid paper is obtainable for making paper records from 
films. 

• 
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5.2  Station Preoperation Checkout 

To minimize the possibility of telemetering failure, resulting 
from station operating errors, the following checkout procedure is 
suggested.  Aldvtions or modifications may be necessary in order to 
conform to the firing schedule, or to special requirements of a 
particular flight. Operators must check each item deliberately, 

5*2,1 Not later than minus one day preceding test* 

5,2,101 Check all reference circuits such as aero timej 
range time, and 1 cps time base signals. 

5.2.1.2 Check communication facilities, 

5.2.1.3 Inspect antenna system. Check all coaxial conn- 
ectors. Check movement and orientation of rotatable an- 
tennas and measure leakage resistance, 

5»>2,I.u Check power facilities. Check fuel, lubrication 
and battery levels, PE-95K engine-generator. Check fre—• 
qaeney and voltage output of unit under full load conditions, 

5,2,1,5 Check all connections. Switches and fuses, 

5-2.1,6 Check nerformance of telemetering receivers, 

5.2.1.7 Check test meter readings en filter amplifier chassis. 

5.2.1.8 Check operation of all discriminators forg 

 0   __ __,    -W..S.- .  

meter deflection at band limits;) 

Linearity and zero deflection at band center-fre- 
quency. 

Limiting action,, 

Correct test meter readings. 

5.2.1.9 Adjust oscillograph recorders for desired film or 
paper speed. Check take-up system,, 

5.2.1.10 Adjust recording lamp intensity to correct value for 
paper or film and recorder speed, 

5.2.1.11 Load and install oscillograph magazines.     (Run five- 
foot leader while observing paper feed operation.    Load at 
]east one spare magazine per trailer. 

1TRICTEI RESTRICTED 
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5o2.3.3 Check recording lamp voltage and operation. 

5.2.3.U Check galvanometer identification system operation. 

r> ~  i 5»^»U AT> approxxmcibexy —j)  iioura. 

5.2.U.1    Make signal strength calibration on all receivers 
 ^ j i_ -    .A-1T  J _x      r<       r>       TA       oc"       c*r»       Ol^PI       s-^A    zir\r\ U»-Lilg    L.UO    lUXJ.UHJ.ilg    Ol/Cj.ii     Uj     ,>,     XVj     '---'J     s^i     '—,yjf    *"0    >^~ 

microvolts. 

5.2«U«2    Obtain accurate time check and synchronise all clocks, 

5.2.U.3    Scan frequency spectrum to determine possible 
presence of interfering signals. 

- 26 - 
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5.2.1.12 Check operation oscillDgram numbering device, 

5.2.1.13 Adjust galvanometer band center frequency set- 
ting -and polarities in accordance with predetermined 
band requirements;, as given in tha oscillograph set-up 
forms for a specified operation.    Adjust input attenuators 
to provide desired galvanometer deflections, 

5,2,1,11;    Check galvanometer band end limit points for equal 
distance from band center frequency point. 

5.2.1.15 Determine that all spare materials and equipment 
are on hand and ready for immediate use. 

5.2.1.16 Compile a detailed  RECEIVING STATIONS OPERATIONAL 
rLarn* 

5.2.2 At approximately -5 hours,  turn on all equipment and check 
for proper operation at frequent intervals. 

5«2s3 At approximately -U hours — 

5»2.3«1    Chu 'c oscillograph paper feed. 

p*£«0*£      0116C1C   up6x"cioxuii   01    GXInlTig   JuLHaS   mui/uXo 

5.2.3.5 Make preliminary balance on discriminators and check 
band center frequency setting, polarity and excursion of 
galvanometers• 

  
5.2.3.6 Check setting, polarity and excursion of zero time, 
functions range time, and 1 cps time base galvanometer traces, 

5.2*'3U7 Check inter-trailer communications. 

5.2.3.8 Fill out oscillcgram identification record in pre- 
paration to making entries through the test. 

. •" 
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5.2.5 At approximately - 2 hours. 

5.2.5.1 Recheck communication facilities. 

5.2.5.2 Recheck enrrine— generator performance. 

5e2»5«3 Recheck performance of all receiving station equip- 

5.2.5.U Recheck all reference signals, 

5.2.5.5 Recheck antenna system. 

5.2.5.6 Recheck clock time and clock synchronization. 

5.2.6 At approximately - 1 hour 
. 

5=2*6.1 Recheck zero balance with center test switch oper- 
ated on each discriminator. 

5.2*6.2 Make final center frequency (zero output voltage) 
balance of" each discriminator, using fine balance control 

th center- frequency applied. Use galvanometer trace as 
indicator. 

f 
5.2.7 At approximately - US minutes. 

5.2-7.1 Calibrate all discriminators, making three record- 
ings; +7.5^ of center frequency, center frequency, arJ -7-5% 
of center frequency for each subcarrier frequency used.. 

5.2.7.2 Scan frequency spectrum for interfering tLgnals. 

5.2.8 At approximately - 15 minutes (Final equipment check) 
• 

5.2.8.1 Recheck all equipment operation as time permits. 

5.2.8.2 Turn on the telemetering receivers. 

5.2.8.3 Audio oscillator gain control in off" position., 

5.2.8.1* Check presence of reference signals. 

5.2.9 At - 5 minutes (Approximate time of receiving signals.) 

5.2.9.1 Set RCVR-CAL selector switch to RCVR. 

5.2.9.2 Turn on all galvanometer switches. 

5.2^9.3 Rotate antennas for best signals on all receivers. 

5.2.9.U Standby to record. 
- 2? - 
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5.2.10 At approximately - 1 minute 

5.2.11 At end of test. 

6.0  Calibration and Data Reduction Procedures 

5*2«10.1 Begin continuous recording of oscillograph recorder 
until loss of all signals or until a minimum of 25 feet of 
paper remains for a pcst=tcst calibration. 

5.2.11.1 Calibrate all discriminators using the nine-point 
calibration as outlined in the Receiving Station Calibration 
section of this manual. 

Calibration of the receiving station is accomplished by feeding 
a series of known audio frequency signals into the appropiate station 
discriminators, By feeding a series of nine frequencies for each sub- 
carrier channel into the discriminators, a series of. nine voltage cut- 
puts, and consequently nine galvananeter deflections will be obtained 
and hence a calibration curve of frequency versus galvanometer deflec- 
tion will be obtained. The values of the calibrating frequencies used 
for each of the allotted subcarriers are as follows: 

\ 
7.35kc 10,gkc liu5kc 

6800 9700 13,U00 
6900 9800 13,600 
7000 10,000 13,900 
7150 10,200 1U,200 
7350 10-500 H»,5oo 
7550 10,800 it,8bo 
7700 11,000 15,100 
7800 11,200 15,UOO 
7900 11,300 15.600 

A short recording is made on the oscillograph for each different 
calibrating frequency fed into the discriminators.    Since the output 
of each discriminator is connected to galvanometer in the oscillograph, 
each change in the frequency of the signal introduced to the discrim- 
inator results in a corresponding change in the deflection of that 
particular galvanometer's trace on the recording paper.    After these 
records are developed, the galvanometer deflection of e;   \ channel is 
measured from a reference trace and recorded for each i-^ut frequency 
to the discriminator.    Thus a discriminator calibration curve of 
galvanometer deflection versus frequency can be plotted to be used in 
data reduction. 
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6.2  Pickup Calibration 

The various types of telemetering pickups are used as the fre- • 
qjency-determining component of an oscillator. By applying accurately 
measured function values to the pickup, a calibration curve of function 
value versus oscillator frequency can be obtained, when the pickups 
are installed in a missfLe. the subcarrier oscillators are padded to the 
frequency taken from the calibration curve for the fnnn+.i on vair>e irhi«h 
exists (or applied) on the pickup in order for the calibration curve to 
apply. 

6.3  Data Reduction 

After each telemetered flight, the oscillograph record is processed 
and marked, and the important task of data reduction begins. The data 
reduction procedure consists of three fundamental stepsi 

6.3.1 A record calibration curve is prepared by combining the 
discriminator calibration (trace displacement versus frequency) 
and the pickup calibration curve (frequency versus function value). 
This new calibration curve, therefore, indicates trace displace- 
ment as a function of the quantity under measurement. 

6,3o2 The displacement of each trace from the fixed reference line 
is measured at all significant points throughout the length of 
the record. The displacement measurements are tabulated and plot- 
ted en graphs "which show the variations in measured quantity 
against time. 

6,3«3 The application of appropriate correction factors to the re- 
duced data is sometimes necessary. The magnitude and nature of 
these corrections will depend upon a knowledge of (a) the stabil- 
ity of the discriminators and recording equipment, (b) the 
characteristics of the piukups, and (c) the natural frequencies 
and coefficients of damping of the recording galvanometers. 
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SECTION 17 

MAINTENANCE 

1-0     General 

All -units in the receiving station nr+ of panel and chassis 
construction.    For convenience in maintenance or inspection all uni's 
are equipped with slides which enable them to be pulled out clear of the 
cabinet*    A spring operated stop pin prevents the unit from being inad- 
vertently pulled completely out.    To remove the unit from the cabinet 
it is only necessary to release this stop pin.    Connections are made 
through one or more    mutticonductor plugs mounted on the rear of the 
chassis,    which engage with receptacles mounted in the cabinet.    Plugs 
and rec&ptaelea disconnect when units are pulled forward. 

Units are held locked in position by me^uis of a hinged bar which 
folds over the edge of the front panel and is held locked by fasterners, 
permitting quick unlocking. 

For better aco»3ibility some of -the units can b e tilted hS° or 
90c when in the forward position; they are held in position by means 
of a spring latch on the side of the chassis, which can be released 
to tilt the chassis.    *or testing or trouble shooting, s multi- 
conductor cable with connector is supplied which enables the unit to 
be connected in the ouu position.    Connections from the receptacles in 
the cabinets are brought down to "Crablok" terminals strips mounted on 
the bottom of the cabinet.    These connections are shown in the following 
drawings! 

Receiver Cabinet   Y 12623      Figure 32 
Monitor Cabinet   Y 1262U       Figure 33 

Intercabinet connections are between these tcmisol ctrips zz£. 
are shown on the following drawingst 

. 
Cabinet A to B Y 12626 Figure 3$ 
Cabinet B to 0 Y 12627 Figure 36 
Cabinet C to D Y 12628 Figure 37 
Cabinet 2 to E Y 12629 Figure 38 
Cabinet E to Oscillograph   Y 12630 Figure 39 

In addition for convenience in testing or trouble shooting a 
terminal designation diagram is shown in Figure kO. 

I 



Mr 
n o 

£2> *3s 

HI   DC 

C2 
5 Z ^ •" 
fii r 
at »- 

u 

|     .s/ai 

%2s 

TO9 ||V3 I     r/i»j 

/>r'/7 

*Ar— 

t 

A. 

>.,->' 

is; 

V 
til 

k6 

$, 

^JSfjSt'lnwBio 

' 

V\ 

•Is. 

• C/ 
,•!; 
'II 

tot 

I'* 
• I 
'» 
'9 

Vs 

J.3flB\f3 JO J..VOH* 

•                             • • 
H«l. 

• 

1 \     "' 

%A%\ tmx 

' 

4i 91 ^fli 
•                                      1 1                                      1 ; 

•                                   * • • 

-o~->*~ *&-*?- TJSiisvrrr ~ -yygto' 
ovs euro 
1 

L. 

1 

k^     V 

"   0  i.  t 

r   ' ,.«' < ,<•" 

/a?/1 i»- 

^>L 

~S/T.•dTe 

•     «    ^^ •0/94*   7 
/  6  ^  S   f   / 
///•/// 

nrsrjr^ ;.• ~s 5 e&'~ sry 

3 

 J 

7/ 0/ 0 5 * 1 

>i>/i      *v/to'3S~/dr" 

I 
I 
I 

A  ( ii  f|/ ?o rr CH- 

7iy»-oiJ     M/tHiS^a 
 I 

n^;>\ 

&7& 
/err 

iv&x ~tv/& 5~fTcf 

V 

L. 

r 

U —SI 

cy^A 

j 

"• ~i 

\>.sss 
sosr c- 

^Ll 
a/jv\'' nj/yt/VZ - gT,<? 

~\ 

1'  0/  B   * f   T 

-J 

I 
@-H 

L 
3»*^P" 

L. 

1 

•? iy    o7i/ 

(5 

 I 

Q 

k. 
0 n 
? » 
k 5 
Q. T 
Uj ^, 

H jfc 
t fs 
Ui 
Of 
-J d 
(J 9 
u »• Lw 

-p 
a) I 
O 

•ri 
o 
o 

000 

3 

•H 



si 
Ss 
U 

at 

Si 

a~   NOl2Dfi.1>      ~5-rB&D J 

\ :n a 9 i t   ' 

(MK) 

t 
107n     Q/\—< j..m/e*3 jo JJVOVJ 

 OSM &yp-  

I  

• a V v > '•» 
t/ W #   »  i'    7 
ft * 4 P e  ' ®HH 

'wxrrcr TO-? =-»^ 

r- 

L_. 

TS 

'V*JV* !••  0/  9 

1 
at"U- 

• i 
l»«i- 

• 

:—     ' | 

IVU S-\><kX 

!— 1 
li 

«**!. 
1 

>V 9J. 

|                                          1 1                                          J J 

• 1-. • • 

4   . o o i 
i C P 

torn ©-+H 

^Z.Z_/ 
 fsjnr?fi~7>f/T/yf7&~ 

2>-H 

•7Jv*rzr'^'^'^"' 

r* 

i  

7/17/ B » *  r 

yyur • 
soer 

©-H 

 1 

©-p 

!Z. *>• 

 SKF ~imVS-9T=VnS-  I 

v 
i y/y 

SO*" 

W9/' 

"StAiyS-gST"' 

0-H 

J 

+osr _£2££ 

•a on 
*l  9's 

7o«," .'oe." 

©^ 

1 

X 

I, 
H ^KTOW-TTOT 



I 

in  ot 
t" O u 2 
S Z 
t- — 
ii  > 
at t 

et 
3 u 

iS/v/i/Uijo I/vdl/j 

ft • • • 
85 91 

-bS«L 

IB                    ||      , 

IS 91 
. 1                    11 '                1 1 1          it! 

iiii 9 J- is ex 
1     "             ll 1            _J_L_ If 

34 91 IBwl 

1    "        ^ 
• II 
il_ 1 

L^    r*iz~3 

H 

o 

I o 
o 

. Ill 

5 
8 

I 

3 
r 

"fw :a 

V 

• r 

ccea 

/A' 

i' o9 ' 

»9 

»? 

»/ 

T ->'i/ 

l' ,8' 

«V 
fefcr 

,«   r 

A- 

/6 

v<r- 

»// 

ft 

»o 

•e 
,»? 
*/ r A' 

/ 

./2r 
0 

m 

Hi 
v 
n 

SS31 

Si   ti £i  2l E    /.   9    S   f    C    J    l 

•ft 
•*/ 
•S7 

/" 

'/• 
"/« /,»• r 

•5' 

•)' 
• f/ 
• ?/ 

•// 
•Of 

•6 
• 9 

• / 
•9 
• s 

>>> 
<f 

•J 

r(o«' i 

3 Nou.0Nnr   anavo 

I  

9-1 SOJ — r 
i -lias- — / 

_J o»o «»o 

~l 

(£>H 

GV^ 

-7O&JN03    H.^rxiicniiDsd  J 

•     €•>•> • 
7/   ?'   0   9   t 7 

it e Jt 9 i / 
•  »^ • /* • 

^ '  St 

'OC/^ (cH 

" "S/SJL i' "T Vi> fb  ~   oia/^V' 

"STV i 

»- 
v . \ *. . 
7.  p.' 9   •   p    ? 

h  o  d   s (   i 

L  .wsj.yw    J.n<j7 

lor/r    Qyr-J 

I 
I 
l 

I 



! 
itt  OK 
*- o 
5 Z 
t- — 
H v. 

ot 
3 
U 
K 

1 

l,Ji 

•   •••••••• • • \y. • 

V V V- V v- V V V   V V V        V- V 

M   "> S   f> ^0  K   * 0   § 5   5  Q 1   §~~! «M "8 

Nlt'OO   •>   <Oa   §   -; 3   3   $   !£ 

M^MvJr-Oc2    =r   Hi'   S?   Sf  if?    [^ 

• • € 4 * '  s   b* 

Vo \>   i<-(o   <r> a z   S! O 3^ a? 

«l  *)  >»• «^   <o   K   ooo   5~\   ^  5}  3"~ 

*-\ 

\\\\\\\v ' •' \V 5 
_    „i     ,f>   •*       C'   ""d    »-     _ 'jx     -* -   «*»   «\ **   V-   V    <» 

V V V V V   V- v  V- 

^_____^_^^ _V—_ 

., o vi « MO oi "i£ s[ 3 5 t 5" 

^x ̂ - 

w «" 
X___ 

[ •    •••••>•    i 
a s « r> •   • •  • » 

111 P 
L. J 

(0 r 

—L_ J_ 

1? 

r a 

 » 
e 

a 

F 
c' 

i- 

1 1 

_:.J         » 

o 
k 

a 
•J 

Nl 

3 -— 
_ • 

--\ jC C •<; 

u 

a 

F 

-: 

a) 
I- 

a 

C ~r J 3~ a- a 

u 
UJ 

i 4 

F 

* t= a 

I 

I 
(0 

s 

.5 
u 

•H 

UN 

§ 



"1 

° i 
F o 
0! Z 

2! >• 
oi h 

3 
(.1 

3 

3 

L. 

< 

<5 

\>\\\\X^\N\ 
- «\ *\ •« «V «0   \- «>   o °_- 

V   V VV   V v- V V v 

8 

\V v   V VV V v- VV V-       \- V . 

^<vjto>»vn'0'^<o«  § ^ y 2? 5 Sj 

u      —\\\\ \W XX^v-X—X-V \ 
v—r \—H 

VVvvVVVVVVV        V V 

y 50 $  si 

 \v "••la 
T^ 

<& w v.: 

1-1'•-  «i vi •<*  o <o K  Oo,9 >5i  *} * $ 
A* L N^J s Hi' 

- <N/ c»j ^ Vo  v»  r*. so «j\ a .-„-  y $) s- V? 

—X~s»— 
•a 

Sk X. 

--N^rtlDmKIDO   9 s  a 5 f 1B 1 * vvxwww \v 
-^ \\VX XXXXX w 

n 
S 

V- ^r V    v-   V V  V- V V   V   V v^^!^^ ~ ^cV-H» 

1 \N 
1   St «ft "l 1 

**V» 

..V 

\\\\VX\\ 
~ ^*\;X X*^ ** 

«i  ^ "C>  <i«i <o <b j& 
V   V  V   y- V W V 

^5      Hi 

M   »)H   K|   «    K. «0 ui Q ; y  vj 5; 5"' 

 -XXX  

V- v- v 

J 

,^si9dlzz± 

09 

r 

5: 

k 

u 

*      i     ? 
p      P     P 

51 
0 

1- 

ff    - -•—[-•= 

cl 
CD 
(•- 

»'    "5 

p 
• 

U 
t 

§ 
5 

g 

s 

o 

cq ^— 

1 
I 
-P 
5 

•H 
o 

•H 

3 



IK at 

IS 3 
12 >• 
i*   •• 

o: 

15; 

n ~i 

"cO « «* o « * © «  ia %»*.« ^r T- V   V  V V   V >•   V   V   V     KVN^.     . 

* 

-~    N   <•>   •*   '0   >0    N   CO    <J>  S    ^   ^    J   ^     «! 

\\\N:\VX\\\\\XV —w \\\\ \\ \\w\\ \ \ \ v \ \ v   v \ \ \ \ \ 
^ "-^   V V* V X+   «"<«~  \xs ^f   \l\   N^^_vci 

*    «• -«   <s o v <\    ,IN i-  *•  <r> *> <\ 

vv   v.- ' Xg^^g^j^g^ - -iii 

\ 
N 1 •* Ifl 

\ 
h 

0 
CO   *   9 " y 5 > m 

V ^ V V S S \ \ \ 

fl 

«i   C\    «i    Si"0-  ^   <* 
• sx-   V   V- V- v v   • vw^-^x-x-ni' 

\\V  
-v\Vv\  

— *s •*_ <*_m— *i_ 
"V   ^ "^   - L <•    *•» 

,  **• V   « •&   *a v    V- V   V  V    V- 

P 
*-o % % 

W. 
I  

k 

- u <n •* « « h QO> C 5 5 5 3 S} 

«1     <i 

3 

 I 

*T*~ 

£          If 
m 

V 

f~cTr~ \ 

P 

~1 

5 

-.   tg    <nn   ifl   *  t-   !^^   ?"^   5   T*  "5J    0 

\     ~    V 
'^ 'y   * O   t»_ 

\«|«**C'-*0i9%!(J|!l! 

VOv. V*. 
« «j   o       t».v 
V   V    *" \\ L 

~cv(i.   t-vov»i-e»i8se'e)j-» PI 

K 

• 

n 
CD 

s 
to 

/ 

•1- —   •" 

• 

c^ 
f 
F 

i T 

rJ 
9 
r-    . 

L. _.J 

u ? 

0 s 
x K 

kl 

1C 
T 3 
>n 

u- 
> kl 
Of \ 
Uj 
h kl 

w 
i«l 

3 * 
2 

t 

o 

I 
i 

? s 
CD      O 

.3 i 

s •f~l 

a 
i 

r- 

§ 



w"~w 

1—"1 
-* 1 
-•* \ 

»•:•    1 
UJ | 

-•* 

*! S!.    ! 
p a*. I 
o ' z I 
3 1 t-» 

«>• 
Ul 1 
-J 1 "'• 
10 1 < +• 
O I 

1st 

- • 

-  -i n •+ V) o  N «f »"s % a o y 5  1 S 

\ 
N « •• in io "K ci»B^y *! S !? 

snot  »  t'stO  8  ~   8   5  >  '<> 
•   •   •   - 12 
 %Js 

**fc± 

 \ \ \ V - 
— A -r   A 

*i > Vk » K * oHS 5 « 5 S !? 
v w v v *• * • • • • • • N>VW^  

-^ ^ W> HV)   o  K  10 O 5   5 ss  5 * l!       Sf 

tfv 

u 

TT 

* 
P 

J , 
P        P 

5-" 

IP 
p F 

« 

t 
2 
P 

..i 

0 

to 

• 

n 

^-M 

-.   oi »\ >t   VI '«   S«D0>  S   ; f. !> ? 0 

A   A .*.«>*  tb       A *•-  ^ c* ^_ -=.  < 

M> 

~^^4?<-^\-^-^*fo*v -fr / 

^tM"t'«>'B K «o o> 5=-  S! !? :» ID ^ > 

- 

/ 

SR" M   e-. •* <o   5  K « »   $i ^ 5!   5  >* 5 

y 

—   N   #> • -. v. «• v> « 10. «w* s £ ^ o ^"5 i a 

_/ 

^-   ^ « ^ «  0  is. co  CT a  r~«i Q t   S> 
*     *k    *      •      •      •      •      *s     *>.    \     «v     *      *      * 

^^ V^ ^— 

in 

6 

J 
f 
r 

"I      i 

t 
t 

4 
ua 

5 
or 
•-J 
1- 

I 
-J 

•J 

o 

« 
X 
o 

or i 
5 

g 

o 

D 

1 

t- 

...         .» 

•r 
IS 
l- 

-1          -3 

o 

i 
P 

 1 

fee 
H - 

oo 

K: 

•v /T?—^r;^;~3URwffi / 



Q  * 
Ml   • 

[I 
SJfc 

M   »     ••  Vl   ,| K * «v * s e «!t-!e 

I6 

S 
^ 

A*. 

\ 

 I "^^: 

i! 

II 
8! 
O ! 

— • 
2. 
01 • 

!-• 
<0* 

\ 

n    •    •    •    •    •    «    «•*.«•*« 

L  

I 

i 

.i « t m s « o « 5~3 5 5> 5  I > 

^ 

X^j;. 

« •> 5 *o * N « 5 s -. a T* *> j S 
\\\\\\V  .......     9 

\ 

A   Jr   tn J   f.   V    •      *.X*£     OA    *- C 

\ 

^•w^H-w^HVt 
\ 

X^^^^};^^;V\\:\- 4   y 

_».    ^   -^   »-    il\         A r-   /i   r>  Q. -i   A -   *   *>  •*  ^   *& 
-» - N N S -. 

A r-  <C) cr **-"=•  <Sv *    \     «.    \    »   *»_ \ ~ 

 LUXX 

/"I 

*-" r 

P      P 
'     " 

5 ~* r 

P 
Si 

p 
L.  

g o 

in 
m 

A 2 

5 

a? 

_J 

K-H 

H « * <n~« K in » % ~ s» ?Hf"5~ 

>fiSfeS&± / 

- « « 4 <o «s ogij ; fJ-?]"?--{T 12 

1^3^-fi^Hg^X-IS^ ||i A 

<«: 

\x 
%. 

41  O <» O 

.^.X^ ^ 

M 
o 

F 

V 

IP 
i- 

•1 
<Q 

5 
or 
W 

1 
o 

k 
kJ 

X 
u 

1 
0 

2 L 

10 

< 

P 
i          c 

I 

a 

fc)g 

£ 



z * 
0 I a (5 
< $ 

Ml   fit 8 r O 
a Z. 

% 
0 sfc 

et 
3 
U 
Ui 
(A 

u o 

•H 
O 
S3 

M 

•P 

^  a 
-p  e- 

,?5 
u 
M 
•H p 

.5 

2 
ON 

ha 



*'£:• 

S 

! 
J J 

j 

t 
• 

3¥* 

is 
§i 

s 

i 

{•*«'»W*IM3 

»*0»f —JJ10 "WO" 

1-tOff —3« HO- 
«-TO*f —-)1 *» 
L-tW Dl VO 
9-ZUW — •« M3 • 
Sll«<'—« vn 

i»H'-« W- 
VtMf*- VI H*J- 

o-»l't» 
O-  Vl-it 
O-   »'•!* 
c~ -«-w 
o- -t-u 
o-•••u 
O- •»•*& 
O- -»-W 
o- •*•«• 
0- -XI* 
O- -l-W. 
o- *»-t% 
0-   L-K. 

•3v >\ %•* 

vwi'i-iojrf-Or+'-u 

'•-«• -xmi ttauw*<Li-w*n- 
'Mi   HI WM •»»-»lV»H0ir 
'*l» 
«-w ,          >-tM>r*Mr4-o{ 
'*•« f iiWii^Viotr- -o' 
*i« .         'not' ««w -o, 
'vu i        *«o*,t-M«r- ~o< 
it» I i-tecn-wa-iW" -<K 

•Mi 
«-IIWI»MT» 

o—H>t» '»-u 

•II 

dM 

TA'¥9%f 

g E C W-VOfcC 

952 «.*—-- 
*-»o»p 
i-t©4r 

n-ioor—m v ?•« 

M»W-iJC»0 •   33V 

•MO'«l 

r 
MI a *ii     *   /->— 

114 HOUHCfH 
UNO •»¥•»-•< * 

VVj »3J»)ti M-af" 

u 
&t MO [ •x-tl 

-i-l I 

4v*v • 

•H-ftV 
'O'-ftV 

'*-rfrtr*lMQLf    O-fl- 
fw-tcrer'iMt/ir 

0l-Wtr-Mll»M4 3Y- 

•fi-WLP- 
1-10LP- 

A 

lonou*1- - 
[t-ioi.r - -. 

*l-l» n T«-nr 

Mi V  3* 

w>«f4 IT 

V*M3 

.WHO 

V«. no r 

Vt VO 

O-WJ-W v-cy 

'S-SfV 

-i-Vi; 

L-fOfT-HI  » *»*« 

Si 

0»0 

i'«w-« no- 
i-tou*—v. i o- 

! 

I! 
SHIOftP- 

ii-wxr- T»-3S*0 

IH0K-- ESva 

v»»:» *-»»M *3*V ' 

K»tr*htv'tr 
nn.r-fi'Wj-4 •**- 

t-WIPS-*0tP 

wjtf*t-w»f '1-lOW 
pi-wir 

|*-ii>tr 

***^   5 S 7T<i9" 

iS" 
0 
o-f-n-w 

«1« -+"0 
WO Klin 

Ml V '»•» 

I Munow |TJ 

i 

;S 

o- k-tiVi-w 
O—(«l-1l "l!-*i 

llHlSl.*i 
••«SHVI 
«-•••»•«( 

iHt-Vi 
•l-ti'l-M 

•HVH 
ai*i-** 

0 

bi 

Si 

•nwir*u-»«p***»ir—«tHN^ >V- 

T-KH.P't*»9P*fH0«P- -O' 
*^<nf'•-•O'tP- -c^v 

[11-iOLr- 
U'HOIX- 
,*-K»*.P O 

••»otp —Berra*   I o 

»»J^?I 

l-«OSI>—HI »•»»• 

. 



z 
o 

U! !»• u 
ii! 
I- 

:!i 
(I! 

•--O—ili 

or 

o 
0 

1 11 -io^r - --o~l - 
[oi«iew- - -o— 

o 
o 
o 
0 
o 
u 
o 
u 
o 

abo - -o* 
•9-io^r -mo •s"i»- —o - •*>** 

/•&ocr --MI -a  D;- —o-- 
o 

^•tv 

« '9V3'»M<j   >f o 
o - 
o 

Tt-tt 

« 3 ^^ |o'.'-«:iv53- 
—o— 

5e as -**> L-^v 
J  0 

•  0 

*"S;?"^r«5- -•3-^* 
-&-T* 

its *w 

« 

i 
n 
it 

i-\0tf-0fc ws 
i-tos.r-31 MO-4 

1-lOtP — Dl   -O—)' 

C  3 

,HW-TS55 

t-v* 

•*  »W3'uMrt   3 V 

E:i-hotr'iiioxr 

0* M? 

s-wtr- 
.-IOLP- 

n-.-ioi.r 
Oi-lOLC 

[C.-IOLf 

n*" 

•fc 

L. 

r* 

- 5TW **o*i »«- 

»-io-»r-i.no B 03b- 

3 

[_;-ic«r'ti lutr-QB1.'- 
iorr 
wit 

t-ioxr * .-\oir4—CH 

t-toLi-'x-io^r'i^-iotr  --CK 

•9-ioxc's-wxr — 

HOLf'l-KrtT 'fi'WW 

a'Bi 

NI y *y* 

lid  »0i.iHOV* VEM3 

(.VJ * 33B1 4i MO 

\\ 
*3 

l-M*It-W. 
o—(w-n'o'-H 

i **-•*. 

-L-Xi'L-M 

--a-n *•;-**. 

O— VXlVVC 
o—j-i^i't-*^ 

8-Tl 
-I li 

ss 
V-6o\f- 

i-wir - 

•S-Ol 
•Ui 
1-M. 
•SSA 
•v-»% 
•ftt 
-IS1 
l-M 

V 2 
33 

if 

l-XO»P -OX HO - 
(•K)^r—9IH0- 

•SEES 

?! 

E 
•tt-mr'n-iotf 'i lOtp-Mi tjmd   JV- 

"»-*7ir''-wir-f--Oy+ZM 
v totr>iovr4--o< 

X-'OLP'X-WSr >iOtP-{- -o' 
^•icar's-iw 

6-tc*r'9-iO«P 
• OLp'i-io-sp'fi-iotr 

r+-o 
dVi.Ul-5   OS At'9 

B-iOLP- 

[11-iOLP - - 
Ol -lOl.f - - 
>-IOL;--- 

S-tOLP—lWt 

W   M.*> 

^ o^z •*-« — 

3 

•[«; lO^P 
•6      X: 
•l-Xi 

1-40IP- 
»-&oir- 

1-9011*- 

»•« 
•*-vx 
•t-VZ 
-X-Vl 
-l-VX 

it 

if 

•-60tr-anvd» 
1-tolP— xrftK-3- 
1-lOtP— Vt «3- 
j-ioer— v= HD 



1' 

M 

RESTRICTED DIit-17 
SECURITY INFORMATION AFSWP-22I 

2.0     Mode!1  167-E clarka Receiver 

5«ni*ra1 

The Model 167-E special-purpose receiver is designed as 
terminal equipment for a telemetAring system employing a rad:n link 
and receiving intelligence in the form of frequency-modulated jignals 
consisting,  for example,   of one or more frequency—<audul<±Leu oubcarriGrSi 
Over the specified tuning range of 180 So 260 mc the antenna input im- 
pedance of the 167-E receiver is approximately 75 ohms.    The circuit is 
arranged for single or unbalanced input.    The antenna is connected to a 
SO-239 type j#ek; located on the rear apron of the chassis.    The basic 
tuning element around which the frontend assembly is designed Is a 
standard Mallory S_U Spiral Inductuner.    A stop assembly is arranged 
to restrict rotation of the spiral tuner to the last one and one-quarter 
clockwise turn of its normal 5-turn rotation.    The signal frequency is 
tuned by L101 and the input capacity of the 6JI4 plus "Hiring capacities. 
A double-tuned band-pass is used between the 6Jlj R.F. amplifier and 
the 6AK3> mixer to provide hign image I.F. rejection.    The coupling 

, between the two circuits is capacitive and consists of C10U,  CIO?, and 
C106.    CIO? is adjustable to provide accurate control of bandwidth.    The 
6Ju R.F.  stage is operated at maximum gain at all times to produce 
maximum signal-to-noise ratio.    Bias for the 6AK5 mixer is derived from 
the local oscillator.    Tiiis method produces more uniform operation at 
all frequencies and allows for considerable variation in local oscillator 
amplitude due to tube aging. A.F.C. pulling,  etc.    This also allows 
direct grounding of both oathcde terminals tc minimize catncde lead in- 
ductance and produce maximum input resistance so necessary at these 
frequencies,    The mixer is pentode connected to prevent distortion of 
I.F. response due to changes in its plate resistance which may be 
caused by variation of local oscillator amplitude,   tube aging, etc.    A 
rather unconventional oscillator configuration is used due to the high 
frequency of operation and the necessity for A.F.C. 

The oscillator circuit used is essentially a Colpitts with an 
unbypassed resistor connected in the cathode to damp tube resonance. 
The A..F.C.    reactance tube is connected directly across the oscillator. 
Phase shift is produced in the grid by the series combination of grid- 
plate capacity and a    27 ohm carbon resistor.    Input resonance in the 
reactance tube is not damped by the cathode resistor since the grid 
circuit must return to the cathode.    The use of a small resistor 
(27  ohms) is the grid circuit- extends trie ojiKTrAting rar.rs t.ViT-cigh 28? mc. 
A.F.C* may be turned on or off or supplied from an external source by 
a fron-b-panel control. 

The R.F. unit is a complete assembly with input and output signals 
available through coaxial connectors and with power and A.F.C. leads 

. through a small cable. 

• 

•ii- - 31 - 
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RESTRICTED DIM-1" 
SECURITY INFOHMATJOM AFSWP-221 

2.3      Output and Monitoring 

RKTRICTED 

- 

202      I.F. Amplifier 

The I.F.  amplifier is a separate,  completely shielded assembly. 
It is convcnti-nal in nicst respects.    '.Vo high-gain stages using 6Cb6 
tubes are followed by a 6CB6 first limiter and a 6AK5 second limiter. 
A 6AL5' is used on a balance phase discriminator. 

«« <• f .. _ 1 • _•  s      _• _        _xj     ...n     1. _T J     _1 „     «U-S -T4- 

type.    In order to obtain balance the secondary is bifilar wound and 
link coupled to the primary.    This link i3 adjusted in production for 
minimum distortion.    For stability reasons a self-resonant choke L108 
is connected to the output lead. 

Signal level monitoring is provided by sampling the developed 
voltage at both limiter grids.    The second limiter developes a voltage 
proportional to the inptit signal up to about 10 uv»    About this level 
the voltage on the second limiter is constant, and a voltage proportional 
to the logarithm of the input exists at the first limiter.    These voltages 
are combined to produce an easily read logarithmic signal-strength scale. 

A 12AU7 (V109) is used as a d.c. bridge to indicate discriminator 
output for tuning purposes and as a direct coupled video amplifier. 
V110 is used as a cathode follower output stage and is direct coupled 
from the video amplifier.    The output is 10-15 volts EMS for +125 kc 
deviation. 

A conventional two-stage amplifier with built-in loudspeaker is 
provided for monitoring. 

2.U      External Signal Strength Recording 

Frovis.loii hoia been i:*u« fui- »uppx^xiig J.0 iua to recurs varj.aticns 
in signal strength.    This signal i? the combined plate and  screen 
currents to VIOU, and it is adjusted to 10 r. a with no signal by varying 
the screen voltage with R150.    The signal thus obtained is reverse 
readings?  i.e., 10 ma is obtained with no signal, and minimum 
current is obtained at maximum signal.    This current can be recorded 
on channels 13 to 16 inclusive. 

«•%    <-* «^^ A.    r\- •)•-_-* 

2.5.1 Align discriminator. 

2.5.2 Align I.F. transformers. 

2.5.3 Check dial stops and mechanisms 



RESTRICTED D1M-17 
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2,5M. Adjust oscillator 

2.5.5 Align R.F.  amplifier 

2.5.6 Repeat adjustment of local oscillator 

2.5«7 Calibrate signal-strength meter 

2.6  Discriminator Alignment 

Set signal generator to 21.Li mcs and connect to antenna <5   .<    -> 
t- • •-» e _- 

to mixer grid instead. 

RESTRICTED 

'. 

In preparation for alignment of the discriminator transformer 
T105 (at left end of IrF. assembly as receiver is viewed from the front), 
remove the second limiter 6AK5 tub© from the assembly and note the read- 
ing of the center frequency or zero center meter.     If it is  off center, 
it shcold be centered by means of the adjustment (R153 potentiometer) on 
the rear apron of the chassis.    Difficulty in readily securing an exact 
center readinjp.s indicative or a defect in the 6AL5 tube (7108),  the 
12AU7 tube (7109),  or their associated components, and must be corrected 
before proceeding further.    Other steos are as follows? 

2.6.1 Remove oscillator tube to prevent mixing at signal generator 
harmonic frequencies. 

2.6.2 Set receiver dial to 200 mcs. 

2.6.h Connect high-resistance voltmeter (Volt Ohmyst type) to 
second limiter grid return (orange lead from I.F.  assembly con- 
nected to tie point T-lll).    The signal-strength meter may be 
used as an output indicator with equal accuracy, 

2.6.5 Set generator bo produce approximately 1 volt on VTVM or 5 
uv on signal-strength meter. 

2.6.6 Connect the 7TVM to the discriminator output lead  (TP-113). 

2.6.7 uetune or back out the bottom or secondary slug of T1C5 
until the VTVM shows a reading of .5 volt. 

2.6.8 Peak top of primary slug of T105 to give maximum reading. 

2.6.9 Retune bottom or secondary slug to center frequenc    jr zero 
reading on the 7TVM. 

2.6.10 When the visual alignment equipment is available,  a sweep 
generator should be connected to the second limiter grid and the 
oscilloscope connected to TP-113  or the output connector.    Primary 
and secondary should then be adjusted  for maximum output with 
symmetry around a 21«U mc center frequency. 



DLM-17 
AFSSF-22I SECURITY INFORMATION 

2.7  I.F. Alignment 

Tb.n  characteristic of cascaded critical coupled amplifier stages 
is such as to make- alignment difficult? however, the advantages of 
response stability, gain, and adjacent-channel selectivity make this 
type of coupling most desirable. Alignment has b«er> kept as simple 
as possible by using transformers with almost identical characteristics. 
The primary ana secoiidary Q's nave oeen Kept high and, therefore, the 
mutual coupling low for the required bandwidth. These factors suggest 
a rather simple alignment procedure with a minimum of equipment. The 
resonant frequency of the primary or secondary in the absence of the 
other (no coupling) is very nearly the proper tuning when the circuits 
are coupled. 

I 

2.7.6 If the I.F. amplifier is known to be considerably out of 
adjustment.it is desirable to peak T10I, T102, T103, and TlOli to 
provide adequate gain. 

2.7.7 Detune primary by tuning the bottom slug of T10U counter- 
clockwise against the stop. 

2.7.8 Increase signal generator output to produce approximately 
2 volts on VTVH or f> uv on the signax-strength meter. 

2.7.° Adjust secondary (top) of TlQlj for maximum indication. 

2.7*10 Adjust primary (bottom) of TlOli for maximum indication, 
keeping signal generator adjusted  for  2 volts  output indication. 
DO NOT readjust secondary for maximum, as this will result in im- 
proper adjustment. 

-3U- 
RE3TRICTED 

If the primary circuit is detuned and the secondary adjusted to 
maximum output and then the primary tuned to maximum, the overall re- 
sponse will be approximately correct. The procedure is then as follows? 

2.7.1 Remove oscillator tube to prevent mixing at a signal gener-= 
ator harmonic frequency. 

ii 

2e7.2 Set receiver dial to 200 mcs. 

2.7.3 Set signal generator to 21.U mcs and connect to antenna 
* terminals. If sufficient output is not obtained, connect to 

mixer grid. 

2.7«U Connect high-resistance voltmeter (Volt Ohmyst type) to 
second limiter grid return (test point TP-111). The signal 
strength meter may be used as an output indicator with equal 
accuracy. 

| 2.7.5 Set generator to produce approximately 2 volts on TTvU or 
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?-fl  Check of Dial Stops 

2.8.1 Loosen (u) screws on flexible coupling between dial and tuner. 

2.8.2 Rotate knob clockwise to stop position. 

2.8.3 Looson set screws on dial. 

£«CU    OWl/    Uldl     liU   1CCU        l/ciu -&* 

The only adjustments to be made in the local oscillator are to 
make the tuning dial read properly. If the dial reading is  correct, 
disregard this section. If a tube has been replaced and an error is 
noted, it may be corrected by adjustment of C116 (screwdriver adjust- 
ment adjacent to oscillator tube). This adjustment should be made with 
a signal generator of high accuracy -with crystal check points spaced 
2 to 10 mc and should be made at about 200 mcs. If component parts 
have been replaced or wiring disturbed, the dial may show an error at 
the high end (260 mcs.).  This is correct by adjusting LlOf>A (a short 
hairpin loop made of bus wire). Sufficient range may be obtained by 
adjusting the shape of this hairpin. The 200 mc point should then be 
rechecked )"nce the adjustments are related. 

-35- 
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.... 

2.7.11 Repeat steps 2.7.9 and  2.7.1C for T103, T102,  and T101. 
NO!1??*    It is not necessary that this sequence be followed, as any 
transformer- iu&y be adjusted ?rc.thout affecting the othnr. 

The alignment may be checked by varying the signal generator fre- 
quency+2lj0 kc.    The output voltage should be constant +1 db over this 
range. 

If a sweep generator and an oscilloscope are available, they may 
be used to check the response; however, the above procedure should first 
be performed and then the shaping checked or retouched as required in 
the light of the visual display.    For this test, replace the signal 
generator with the sweep generator and the VTVM liiuii the uoeiiicscope•„ 
Slight retouching of the transformer'? s»ay give some improvement in re— 
sponse shape. 

G.u Set dial to read "zero" czid tishten set screws= 

2.8.? Rotate knob counterclockwise until dial returns to zero. 

2.8»6 Set stop nut if necessary. 

2.8.7 Rotate tuner shaft clockwise until tuner is stopped by its 
own mechanism. 

2^5*8 Tighten screws on flaxible coupling. 

2.9      Local Oscillator Adjustment 

! 
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The modification of ths Clarke receiver was planned with a view 
to malting the restoration to variable tuning as simple as oossible. 
The bracket which mounts the coupling ceil and the coaxial cable may 
be removed by taking out two screws,  and unsoldering the 1 uuf coupling 
capacitor from the coupling coil.    The free end of the coupling capacitor 
is  then soldered back to i!is lug of L 10£.    The original 6J6 oscillator 
4-~»V**-»   «rfo4/*t*   TTC~   **CZl#'l*rsd   TT^ ~,">   *l>'"»   wwwo+o'l    C'SC ilia'*"'"''**  wa.i    inelslloH   Viaci 

been taped to its shield and to the top of the R.y» shield in the 
receiver. Insertion of this tube in the socket restores to operation 
the tunable oscillator. The three power leads to ths crystal oscillator 
are then unsoldered and the crystal oscillator may be removed from t he 
receiver. If it is not necessary to remove the crystal oscillator 
completely, variable tuning may be restored merely by changing the 
connection of the 1 uuf coupling capacitor5 inserting the 6J6 tube, and 
disconnecting the red B+ lead to the crystal oscillator. 

In some receivers after the crystal oscillator was installed, the 
7R150 regulator, V-112, ceased to function, since the three £703 tubes 
draw about 8 ma more than the 6j6. When this conditon occured, RI63 was 
adjusted until minimum current necessary to regulate was obtained. This 
adjustment was of the order of about 10/5. 

If it is necessary to change tubes« the leads of the replacement 
57Q3 should be cub to .2 inches. A red dot on the socket shewe Trhich 
end the red dot on the tube should face. A seven pir. socket is used in 
order to avoid bending the tube leads. Since there are only five leads 
on the tube, care should be observed in inserting the tube so that the 
leads go into the proper holes. Generally, little difficulty should 
be encountered as the supports and sockets are lined up to minimize 
error. 

2.10 R.F. Amplifier Alignment 

_ 
The band pass circuit between the R-t*. a»npj.irier and mixer need 

only be adjusted at the low end of the frequency range as the coupling 
arid band pass are great enough at the high end to take care of ail 
normal variations encountered* To adjust these circuits (C103 and 
0107) it is necessary only to tune in a signal at about 200 mes (from 
a distant transmitter or loosely coupled signal generator) and adjust 
for maximum reading on the signal-strength meter. It will be noted that 
variation of C107 will affect the local oscillator frequency, and the 
dial should oe adjusted to keep the signal in i/mie. The input circuit 
is sufficiently broad not to require adjustment. C105 should be ad- 
Justed only with visual equipment. The sweep generator should be 
connected to the antenna terminals and an oscilloscope to TP-117. The 
coupling should then be adjusted ur.til a slightly overcoupled shape is 
observed. 

- 36 - 
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2.11    Signal Strength Meter Calibration 

This ysouirfts a signal  generator with a ^^ ohm 0titpt»t Ifflpedancs 
and calibrated from I uv to 10 rav.    Connect signal generator to antenna 
terminals and set to 2l£ meg and 10 mv,  across the output line*    Tune 
receiver  and set control in rear labeled  "10 rav adjust" to read properly 
on sign?!—5tr»ng+h meter.    The scale should be checked, but if con- 

-.o u-t siaeracie inaccuracy l.« noueuj V±\JL   snuuxu u« iapxo0bu«  J.J. »ii£'i accuracy 
is required, the calibration curve must be used. 

3«C  Subcarrier Amplifier 

The output from the Clarke Fa receiver is fed into a subcariier 
amplifier. Each amplifier has circuits for individually amplifying 
and separating four different subcarriers from the FM/FM composite 
telemetering signal coming from lie receiver. In this station only the 
first three channels are used, the fourth is a spare. - 

As shewn in Figure 1? the input lead supplies the composite 
signal through individual 500K gain controls, R^Ol through R£0li, to 

mounted on the chassis immediately behind the front panel. The output 
circuits of these cathode followers connect through plug—in band pass 
filters to amplifier-cathode foil -we- output tubes V502, 7^03, V505 and 
V^06. These filters are mounted in individual cases and are plugged 
into four receptacles on the chassis. Heater voltage and 2?0 volts 
plate voltage are supplied by a separate regulated power supply. Con- 
nections are made through a 12 pin connector mounted at the rear of the 
chassis. 

The meter M£01 on the front panel can be connected by means of 
switch SW^Olj mounted immediately below it, to measure plate current to 

4-. 

In operation, the first cathode followers in the four channels 
serve principally to isolate the individual filter loads from the 
receiver output circuit and from each other. As the impedance of each 
filter is 510 ohms, four such filters in parallel would present a very 
low impedance load to the receiver output circuit, and would pvoducs a 
very bad impedance mismatch. A further purpose in isolating the filter 
input circuits is to prevent the return of reflections frum ihd filters 
to the receiver output circuit. The output signal from the filter 
drives the output tube. In the output tubes, which are 12AT7 twin 
triodes, the first triode is used as a linear amplifier to drive the 
second section which functions as a cathode follower output coupling 
meant,. 

i»0TE8 Mounted above the gain control of each of t^~ •"   onanneis u 
a white designation t __ ^xoquency is to be 
written in pencil on this plate when the filter is installed or 
replaced. 
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in posit- 
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amperes, 
for ^'.'.jusi: 

•.: pei at: 

ted power supply provides AC .filament   voltage and a 

SI' 

.ate voltage for the filter ampliftsri 

: tg choice input, two section filter p: <jv 
:<    A 6AS7 variable resistance tube is "as 

cage.    Changes in load or supply volt fig 
?.; the transconductance of this tube to c 
SSL? tuba (V703) uslx.*:; the voltage fccros 
rates to change the bias voltage on7Y-; 

•se, any change in output.    Thus.,  if the 
9 grids of V702 goes more positive.    Tr. 
3e of V702j thus tending to iaaintain c.t 
two triode sections of 7702 are used %x- 
I. R701 is provided to divide the currei 
sections.    R701 is a screw driver arfy 

I.    The panel meter in switch position. 
current through each triode section.. 

;he meter indicates total output curre 
'•••jlte .£»;    £t*6 ratf .V pc»":.' out-p t of th • 
reft driv&r adju„ Lment, R?09 ii e^ailabr! i 
the output • voltcge to 250 volts, . ""'•"" 

ies good regulation 
i to    regulate 

: are compensated 
iatain constant 
V70li as a fixed 
in such a direc- 

ine voltage falls, 
a increases the 

•stant output- 
parallel, and a 

1. equally between 
Mtment located on 

1 and 2 indicates 
fith this switch 
{/j ans xn position 
unit is 250 milli- 
on the front panel 

The   ?ac,-ri   Input ".power-*••?. 200 watt? 115v f>0-6<"> cycles.    The 3Ag 5> 
. ampere fuf 1 is".replaceable* i'rom the from, panel.   :. 

A scarce of 6.3 *-i."ts 1;    ic.>•*•/•.r curr'V/J itfe^ij provided in the 
unit for 1 :e in external circuits. 

U.2      Adjustment   

Aft"? the power has been applied and the load with which the power 
supply is -lormally to be used is connected to P701, two adjustments are 
required.   With meter switch S702 in position E, adjust "Voltage adj." 
control R' 09 on front panel until meter reads 2§0 volts.    'With meter 
switch f±1 at in "Bal" position 1 and then position 2t adjust R701 until 
the meter reading is the same for both positions.    These two adjustments 
must be r< peated when any tubes are replaced. 

Iw3     Mail tenance 

ii.3.1 No output AC or DC. 

Iw3«l«l If the tubes including the pilot, do not light, re- 
place fuse. 

lu3.1o2 Check continuity of transformer primary and second- 
aries. 
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U.3.1«3 Check continuity of primary circuit frcm P70I 
•*.! .. _V»    Q-*.^^       9      «v . T3«*%n UliOugn    3fUi    allU    -USC    I'lUio 

'i-^-T--1  Replace defective ^a^ts 

iji3*2-No DC output* 

U.3.2.1 Replace tube* 7701 (5RUGI) or V?02  (6AS7), 

U.3»2.2 Check continuity of pjwer transformer secondary 
(T701). 

U.3.2.3 Check continuity of chokes L7CI and LJ02, 

U.3.3*3  If the voltage measure outside these limits replace 
the tube* 

i;o3.3«ii Check all capacitors for possible short circuits* 

in3o3«f> Using an accurate ohrameter, measure the resistance 
value of each resistor on the terminal board.    Any resistor 
which debates frss the indicatsd vslus by sore than 20? 
should be replaced* 

lu3«3<>6 Variable resistor R709 on the front panel should 
also be checledfar resistance value (10K). 

5,0     Discriminator 

The TDA-U discriminator is capable of being tuned to any one   of the 
subcarrier channels by means of a discriminator plug-in tuning unit. 
The functioning of the discriminator is the same for any subcarrier 
frequency employed. 

- 59 - 
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lic3.2«U Check continuity of potentiometer R701 and resistors 
ajj-j-j  -at)  ana ii[XJ» 

lu3«3 Wrong DC output voltage, 

U.3»3»l If the tubes, transformer and chokes check satisfac- 
torily,  the circuit operation must bs ehscicec- 

U«3»3»2 Using a vacuum tube voltmeter, measure the voltage 
across the 5'6f>l voltage reference tube V70U. N It must 
measure between 82 and 89 volts. 
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The discriminator input stage employs a dual purpose vacuum t\ 
with a triode section for signal amplification snd diode section for 
rectification of a portion of the amplified input signal. This recti- 
fied signal is applied to a meter on the front panel for input signal 
level indication. The amplified signal from the triodo section is fed 
to a clipper stage which limits the sine wave and feeds it to an Eccles 
Jordan trigger cii-vuii having TWO stable limiting conditions. This 
staee functions as a signal limiter and wave shaper to provide a rec- 
tangular waveform.. 

The Eecles Jordan trigger output; after being differentiated9 
drives an amplifier stage which is biased to plats current cat-off. 
This amplifier performs the dual function of clipping the negative 
peaks while amplifying and inverting the phase of the positive peaks. 
The resulting negative signal pulses trigger a univibrator which has 
one stable limiting condition. The interval required for the univi- 
brator to return to its stable condition after receiving a triggering 
pulse i3 controlled by a resistance capacitance network. Components 
in a plug-in tuning unit, in conjunction with controls on the front 
panel, determine the length of the unstable interval of the univi- 
brator. The length of the unstable interval is, therefore, independ- 
ent of the repe'.lu^i. rate of the driving signal pulse. The length 
of the stable period is dependent on the repetition rate ox the signal 
pulse, sliict; il is equal to the time of the unstable interval sub- 
tracted from the time interval between successive signal pulses. When 
the repetition rate of the signal pulses (equal to the input signal 
frequency) changes, the stable period of the univibrator is changed. 

The two plates of the univibrator are coupled to the grids of a 
pushpull cathode follower. The rectangular signals from the cathodes 
of the cathode follower are fed through a resistance-capacitance low 
pass filter to the grids of another cathode follower. 

The areas under the curves of ths filtered positive and negative 
half cycles, applied to the grids of the cathode follower, vary rel- 
ative to one another as a function of signal frequency. The output 
signal is taken from the cathodes of the second cathode follower. For 
a center frequency input signal, no output is developed because the 
area under the curve of the positive half cycle is eoual to the area 
under the curve of the negative half cycle. For signals differing from 
center frequency, an output signal is developed whose polarity and 
aagiiituds are a function or tiit? direction and amount of deviation of 
the input signal from the nominal center frequency. A »ero center 
meter is located on the front panel and connected in seriec with one 
output lead to indicate output current and polarity. 

t- 
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1   Connect discriminator in circuit shown in Figure Ul 

5.2.1.2 Turn input control, R301, to ?.eros 

>.2.1e3 Adjust output control R368 to 70. 

- Ul - 
RESTRICTED 

Circuit constants and voltages are so chosen that, when the sub- 
carrier signal is at center frequency, the voltage difference at the 
cathodes of the output cathode follower is essentially aero. Balance 
controls are provided to penrit adjustment of the zero condition. 
Shirting of the subcarrier frequency above or bfilow center frequency 
will thus cause a voltage difference at the cathodes to be indicated 
cr. tho Ouuput meler <±s a  shift in reading above cr below the laidsoale 
zero reading. 

Circuits are provided in the discriminator to protect the tubes 
and meters. These circuits function when the unit is first turned on, 
when an input signal outside the normal pass band is applied, and when 
the input signal is removed. The circuits performing the last two 
functions increase the stability of the discriminator by limiting the 
cathode current of the output stages to safe values. 

5.2  Operational Check of Discriminator 

5.<;.i General Functional 'Jhecfc 

?»Cmj—-t.  oormeco aiscrjjn.Lnaxor J.11 cxrcuii; snor.n XH r_i.gu.re O_JL 

and tune the audio oscillator t~ the renter frequency of 
the tuning unit in the discriminator. The total resistance 
oi" the meter and resistor mast be 330 ohms. The meter- should 
read 15 milliamperes each side of center. 

5.2.1.U Compensation polarity switch S30U should be in "OFF" 
position (center position). 

3.2.1.5 Turn power switch, S301. "ON". 

5.2.1.6 After two minutes warmup, check each position of the 
test meter switch, S302, to insure that the reading on the 
test meter, M303, are between .7 and ,?s 

5.2.1.7 Allow a 15 minute warmup period. 

oscillator output control to give midscale indication on 
the discriminator input meter, M301. 

5.2.1.9 Press center test switch, S303, to momentary position 
and adjust output on M302 for zero (center scale) by m«ans 
of the center adjust, R3i<0. Then release snitch., S~03« 
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5»2.1C17 Check the standby stabilization circuit by ob- 
serving the waveform on pin Nc. 5 of V303 when the input 
control R3CEL is turned to zero.    It should be a equare v-ave. 
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5„2.1.10 Rotate tha fine balance control, R331, throughout 
its fail range and set it to its approximate center position. 

•i.Sai.lI With center frequency applied to the discriminator 
from the oscillator, adjust the coarse balance conix-ul, R329, 
to give approximately zero output on the cutout n»fitar; SHO?- 
aake final adjustment to zero with the fine control, R331. 

5»201012 Decrease slowly iha frequency of the audio cscil- 
latorto approximately -7 1/25C of center frequency and note 
the negative swing on the output meter, 1002, which should 
vary in proportion to the input frequency change,, 

5.2.1.13 increase the frequency of the audio oscillator 
slowlv to approximately +7 ~~/2%  of center frequency and note 
the positive swing on the output meter, H302- which should 
vary in proportion to the input frequency change. 

5.2.1.Hj Adjust the input frequency to +7 l/2# of center fre- 
quency. With total external load including meter, load 
resistor; and lew pass filter (if any used) equal to 330 ohms, 
vary the output control "3~68 from 0 to 100 and note the 
logarithmic increase in current through the external meterp 

5.2.1.15 Leave the output -ontrol R368 at 100 and note that 
the output current through  the external meter is greater 
than +10 ma at +7 l/2£. unange the frequency to -7 1/25? 
and note that the external output current exceeds -10 ma 
at this point. 

5.2.1.16 Againr with the output control R368 at 100r in- 
creasethe frequency beyond the 7 1/2%  and note the current 
through the external meter at which further increase in 
frequency will not change the output current. The output 
liiiiiter- should come xnto effect at approximately +15 mae 
Repeat by decreasing the frequency,, this limiter operating 
at —I? ma. 

^.2.2 Linearity Check 

5.2.2.1 Use the test setup as shown in Figure ijl 

5*2.2.2 Turn input control, R301, to 1005$ and adjust auri 1 r> 
oscillator output control to give midscale indication on 
the discriminator ^nput meter, M30It 
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FREQUENCY 
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1 4 
DISCS/VUAWTOK 

2 5 

R « 

D.C. OUTPUT 

vi A. 

i 

in v. 

I, THE   OUTPUT  METER   SHOULD   BE  CAPABLE   OF   /WDIc'AT»kJ<$ 

15  MA, EACH   SIDE  OF COrfTER   OE  A   POLAR-fTY   KEVERSlM^ 
SWITCH   MUST 5E  INSERTED. 

a *\ir_ - ?,   TW?   RgSiSTAtfCE ( f<; *"LU6   TSHE   INTERNAL  iceSiSTANCg 
OF THE   METEK   SHOULD   BE    330 OHMS. 

7 

DJSCK/MIMATO^ T5ST   CIRCUIT 

Figure - Ui 
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5*2*2,5 Press center test switch, S3Q3, to momentary posi- 
tion and adjust output  en M302 for zero (center scale) by 
means of the center adjust.-,  R3u0.    Then release switch, S303. 

£•2,2.4 Rotate the fine balance control,  R331, through its 
full  rangA  snH   set  it  tc   its  appr03±u5tc  CwiUu:   position. 

£.2.2.£ With center frequency applied to the discriminator 
frcm the oscillator, adjust the coarse balance control.,  R329, 
to give approximately sero output on the output meter., M302. 
Make final adjustment to z<s-ro with the fine control. R33io 

£.2,2.6 Set the output control to I00„ 

£.2-3  Output Stability 

£.2.3.1 Operating Stability 

5.2.3.1*i    Set the output control  to 100, 

IRi RESTRICTED 
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•3.2.2.7 Adjust the input frequency to +7 l/2£, +2 1/2%, 0, 
-2 l/2%! -$%, -7 \/2% and record the output current on the 
external meter at each frequency. 

£.2.2.8 Plot a curve of output current vs frequency. This 
curve should be linear within 0.££ of full scale reading. 

£.2.3.1.1 Use the test setup as shewn in Figure i»*. 

£.2.3.1.2 Turn input control, R301, to 100%  and 
adjust audio oscillator output control to give mid- 
scale indication on the discriminator input meter, M301. 

£.2.3.1.3 Press center test switch, S303, to momen- 
tary position and adjust output on M302 for zero 
(center scale) by means of center adjust, R3i;0«- 
Then release switch, S303. " 

£.2.3.I.U Rotate the fine balance control, R331* 
throughout its full range and set it to its approx- 
imate center position. 

£.2,3.1.£ With center frequency applied to the 
discriminator tress  the oscillator, adjust the coarse 
balance control, R329, to give approximately zero        | 
output on the output moter, M302. Make final ad- 
justment to zero with the fine control, R331. 

p.2.3.1.7 Adjust the input frequency to center 
freauencv. 
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5.2.3.1-5    Record  the output current  on the external 
meter after one-half hour,  one hour,  one and  one-half 
hours, and two hours.    Make sure that the center fre- 
quency is being applied when the reading is being taken. 

?-~;}.'<~y    rhe output current should not drift in 
excess of +0.5^ per hour0 

5'.2,3»2 Standby Stability 

5.2.3.201    Use the test setup as shown in Figure kl« 

5.2.3.2.2    Turn input control, R301, to 100% and 
adjust audio oscillator output control to give mid- 
scale indication on the discriminator input meter, 
M301. 

entary position and adjust output on M302 for zero 
(center scale) by means of the csaver adjust, R3liC 
Then release switch,  3303. 

-hh- 
R'ESj'T'BTrTi.n 

5.2.3.2»li    Rotate the fin« balance control, ^331$ 
throughout its full range and set it to its approx- 
imate center position. 

5.2.3.2.5 With center  frequency applied to the dis- 
criminator from the oscillator, adjust the coarse 
balance control, R32y,  to give approximately zero 
output on the output meter, M302.    Make final ad- 
justment to zero with the fine control, R331o 

5.2.3.2.6 Set the output control to 100. 

5<-2.3o2.7 Adjust the input frequency to center fre- 
quency and record the output current on the external 
load meter. 

5.2.3*2.8    iteduce the input control,  R301. to zero. 

5.2.3.2.9 After one-half hour, check the frequency 
S»C Cciiwiji" frequency,     rum tne input controx   iu 
100$ and record the output current on the external 
meter. 

i 

5.2.3.2.10 Repeat steps  (e) and (f) after one hour., 
one and one-half hours,  and  L»»y hours. 

5.2.3.2.11 The output current should not drift in 
excess  of +0.5$ of bandwidth per hour. 

1 
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5.2.3.3 Troubleshooting Procedure 

f>.2.j„3«l General 

iaake a preliminary test by attempting to run 
through t.h»» nnprat.i ^Hal check. Tjjg ^cint in the 
procedure at which a peculiar characteristic is noted 
r.ay indicate the circuit where the trouble exists. 
If this fails to disclose the source of the trouble, 
check individual circuits. 

Ccnr<:t the discriminator in a circuit as shown 
in Figure ill and tune the audio oscillator to the center 
frequency c the tuning unit that is mounted in the 
discriminator. 

Turn the innut control, R301, 100^ and the out- 
put control, R368, to 70. 

Adjust the au^io oscillator voltage to £V rms. 

Turn the comnpnsa+"i on nnTari+.v switch. S30ii 

to the "OFF* position. 

Turn the power switch, S301, to the "ON" posi- 
tion. If the pilot light fails to light, check the 
fuze F301 and the indicator light 1301. 

Allow unit to wannup at least two minutes. 

?.2.3»U Discriminator voltages  a  

This table indicates the DC voltages.which can be 
expected at each pin of the tubes in the discriminator. The 
VTVit used to make these measurements mus* have a high im- 
pedance input such as the General Radio type 1800A. 
Voltages must be checked in the order given in the px-ucedure 
in order to localize the trouble. The portion of discrimi- 
nator circuit preceeding the points being tested must be 
functioning properly.  The discriminator must be driven by 
the center frequency of the tuning unit being used, and be 
correctly balanced frequency. 

NOTE 

These voltages are measured por.H.tva with respect 
to the power supply or copper ground, and •'•:•':  chassis ground,, 

T hS - 
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TABLE I 

PIN NO. 

H 

I 
I 

1    1 <~ '     
ruDe 3       |U  1 5 6 7 8 9 

"HCl 0 X-.Q   < 
1      1 

un         * W* 1 Iu8 to-i.S ii.8 to -1.8 185 
1 

1 
V302 70 28 28 98 93 110 18.5 28 98 
V30.3 20.5 29 55 98 86 118 29 — 1 

V30U R-7 Uu5 98 98 86 97 ia.5 _ ~ 
V305 8*1 iii.5 96 98 82 108 ia.5 — — 
r!06 310 82 98 98 96 310 85 97 98 
7307 97 105 98 98 310 275 97 — — 
V303 97 105 98 98 310 280 97 - - 
7309 278 XIO iw6 3io 310 280 — — 

Trie' 119 
7" £'3 158 112 — — 

V311 105 J_L£ 98 98 277 158 112 — „ 

V3I2 —      U 0 98 98 0 - a 280 — — 
-      h 0 98 98 0 - a 280 ~ _ 

V3lii 150 — — 0 150 — 0 _ — 
V315 0.1 0.1 0.69 98 98 280 0.69 12 98 
V316 0.12 1.25 98 90 290 !  150 1.25 

These voltages vary between the extremes shorn as the input mtter i3 
varied from -2 to .8 ma. 

5»20305 Power Supply 

Check each position of the test meter switch, S302 
i'or a .7 to .9 ma reading on the test meter M303 

I 

If any of the readings are incorrect use an exter- 
nal VTVM to measure the DC voltage ZZ^Z  (approximately 

T+*    f haea    WA14 ** *»*^«»     *>i*r\    Av\r* *-»•»•»-»>» /-»<% +• r»Vi <^/%l*-     •M'le 

power supply components,  including V312, V313, 
V31U, R358, R359* «362, R367, C323, C32a, C329, 
L301, and T301. 

Tf these voltages niessured r»/%T»T»o^ + l^r        r»h._>/^V    thS 

test meter resistors associated witn the position 
for which an incorrect reading 'sras taken in step 1. 
These resistors includes 

1 

• 

. 
-a6- 
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Position Resistor 

1 R360 
2 R363 
3 R36 £. 
I 
a 

r*    r\   *\    fi    n^ j ..., _._ i-k » ^-*- - 

-U7- 
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5 R361 
6 R376 

5.2.3.6 Tuning Unit 

Replace the tuning unit and start a general func- 
tional cheek. If the discriminator now checks satisfactory 
the trouble may be assumed to exist in the tuning unit. 

5.2.3.7 Pre-Aaplifier Stage 

Use an oscilloscope across pins 1 and 2 of the input 
connector J301, If the sine waveform is not received, 
check output of the audio oscillator and the resistance of 
the input level adiustmentu R^O^ 

On pin 1 of V301 the waveform should be as shown at 
A in Figure 20.  If not check R302 and 7301. 

On pin of 7316 the waveform should be similar but 
the top could be slightly flattened. If it is not, measure 
the DC voltage on pin 7 of 7301. Check 7301, %03, R305, 
R306, R383, and C303. 

If no input is shown on the input meter, check 7301, 
R30U, C302, and M301. 

wave. If not, measure the DC voltages for this tube and 
check the associated circuit components. 

5.2.3.9 Bccles Jordan Lindter Stage 

The waveform on pin 2 of 7302 should be as shown at 
B in Figure 20. Measure th« TiC voltages for tube 7302, 
and check associated circuit components. 

5.2.3.10 Pulse Amplifier Stage 

Check the waveform on pin 1 of 7303 which should be 
shown at C in Figure 20. If not, check C307 and R315. 



RESTRICTED DIJM7 
SECURITY INFORMATION AFSWP-221 

Also check the operation of relay K302 which should 
close contacts 2 and 3 when a square wave is seen en pin 2 
of 7302.    Contacts 1 and 2 should be closed,  and k and 5 
should be closed with no input signal. 

If the relay does not operate check the DC voltages 
cm  73^5   Slid   the   SSSOCiSt^d   CC5Vr*CneTlt5      C'^0      C'3^"1      "IT: 
R378^ R379, R380, and K302. 

If the relay is operating correctly but there is no 
continuity between pins 2 and 3 in the operating position, 
clean contacts, 

5.2.3.11 Univibrator Stage 

. Check the waveform on pin 5 of 730U which should be 
similar to E in Figure 20.  If it is, %ary the coarse balance 
control,, R329, and the fine balance control, R331, and note 
the shift in half period K of the square wave G. If varying 
R329 and R331 causes no effect on the waveform, check the 
voltage divider network. 

If the rectangular wave if not cbccrvcd, reserve 
V306 from the circuit and again check pin 5 of V30U. If 
this produces the square wave, check 7306 and replace if 
necessary. 

If the square wave is not obtained, remove v30u 
and observe the waveform on pin 5 of V303. It should be 
similar to Da If it is not, measure the DC voltage on pin 
5 of V303 and measure the resistance of R305, R316, R317, 
R32li, R325, C303, C309 and L302. 

If the negative pulses are similar to D in step 3, 
_*  ^« „.'*„• ' _ _^ i.*. ** * •       .*      \ .....'..     ^ *^ 
SJUQKZI v o     wiio   oci-^C    naVoluxui    \A oGUOSil    JLSl   iduu^jXXUU.U6)    Oil   p-LII   JO 

of J303. If not seen check R325 and R326 and 1302. 

Proceed to pin 1 of 7? "5 and note the negative 
pulse. If the pulse is not seen check 7305, 

If the pulse is observed on pin 1, observe pin 5 
•Pny   an   njnm'H fM or?   tino"? +.1va   Tvnleo.     aimilar   +/-\   H  Vm+.   irwaj-ygn 

If this is not seen check the DC voltage on pin 5 of 7305, 
which should read approximately 20 volts in this condition., 
and R319, "320, R323', R327 and C310. 

After observing the pulse on pin 5 of 7305, note 
the waveform on pin 1 of 730ii which should also be a 
positive pulse, but of smaller amplitude. Ii this i3 not 
seen, check R319, R320, and the operation and contacts of 
T?!;vtr K^0? 'note part 5»2.3.10) 

— ii8 — 
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If this waveform is satisfactory, check 730I4 and 
replace it in the tube socket if it checks  good.    Then check 
R322 and R32U. 

I Adjust the coarse and fine balance controls R329 
and R331 to give the maxinrum DC voltage en pin 5 cf J3C3 
and then the minimum voltage.    These extreme voltages should 

§ be approximately 30 and U5 volts.    If they are not correct, 
check R328, R330, and R331. 

5,2.3.12 rush-Pali Cathode Follower Amplifiers 

After a square wave has been obtained on pin K of 
V30U,  observe the waveform on pin 8 of 7306, which also 
should be a square wtve.    If it is not check V306 and R337. 

; 

I 
If the square wave is noted on both of these cathodes 

it should then b°.  possible to obtain equal DC voltages on 
pins 3 and 8 of V306 by variation of the coarse and fine 
balance controls R329 and R331. 

5.2,3.13 Output Cathode Follower Amplifiers 

i ' 

Observe the waveform on pin 3 of 7306 which should 
be a square wave. If it is not check 7306 and S338. 

I  \ After making the adjustment in i3.if.3ol2   above, 
measure the DC voltages on pin 1 of 7307 and 1 of 7308 
which should be equal and of the magnitude listed in 
Table 1.    7ary the input frequency from -7 l/2^ to +7 l/2% 
of center frequency and note that the DC voltage on pin 1 
of 7307 goes from positive tc negative with respect to pin 
1 of 7308.    If either of these tests fails, check 7307, 
7308, 5371, R372. R373* R37U, S303, and 3301;. 

X i 

Repeat the adjustment- made in part £,2.312 para. 9 above 
measure the DC voltage on pin 2 of 7307 am 2 of 7308 which 
should be equal and the 3ame as indicated in Table i0 If 
this is obtained, then vary the input frequencv and note 
that the DC voltage on pin 2 of 7307 goes 
from positive to negative with respect tc 2 on 7306. If 
these two tests are satisfactorvs check K30I, M302, and 
R368. 

5.2«3«lU Protective Circuit   

If the tests in part E>,2»3»13above fail, remove 
tubes 7310 and 7311 from the circuit and repeat set B. If 
satisfactory results are now obtained checU T3C'8, v'307, 
R3U£, R3U6, 531*7, R3u0, %5k9,  Swbl, R3<?, »3?3, R3&, C32C, 
C32I, and C322. 

- U9 - 
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If step (1) above fails, check 7309, measure the 
DC voltage on pin 6 of 7307 and 7306 arid check R339, H^O- 
H3U1, R3U2. m3, R3l*li, 33li6, R3U9, 3350, 5351, *3Z6} R3>7 
R375, C320,  C321, and C?->2,    7' ths DG VulUge between 
chassis ground sr>" the power supply is not correct as shorn 
in Table 1. hut. t.ha ^-> =?riniinatcr is functioning pi-uperiy, 
check R35'6, R357, and C328. 

6.0     Filters 

6.1     Band pass 

6.1,1 Theorv of Operation 
•     i 

•Rie band pass filters are used in the Filter Amplifier units 
to separate the individual subcarrier frequencies from the compcs=- 
ite frequency modulated signal. The filters are made in two band 
widths, +7ij£ and f±5%  oi Jenter frequency. Attenuation within th 

! 

6.2.1 Theory of Operation 

The output signal from each discriminator is fed to its 
associated recording galvanometer through a low pass filter. 
Type TFL-2A. These filters are used for noise reduction, and 
attenuate at the discriminator output all frequencies above those 
necessary to convey the telemetering information. They greatly 

-50- 
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adjacent filter bands is not less than uO db« 

6.1.2 Installation   

The band-pass and high-pass filters are all packaged in 
similar cases, fitted with an octal socket, A flange on each end 
of the case contains a single twist type fastener having a slotted 
head. The filter is plugged onto an octal male receptacle mounted 
on the chassis of the amplifier filter, and a screw driver used to 
tighten the fasteners. Four filters are mounted side by side on 
the chassis, 

• 

6.1,3 Maintenance 
I' ' ' 

Design of these filters is such that no maintenance is 
possible. Failures will not occur even with intermittent voice 
pulsed up to 100 volts peak amplitude. The filters will operate 
satisfactorily with continuous signal on noise levels up to !*0 
volts peak amplitudeo Failure will occur only if the filters 
?re used with voltages higher than-their maximum ratings, and in 
this event they must be returned to tne manufacturer for repair, 

6,2  I-j«r Pass Filter 
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7.2  Operation 

The VTVM and Scope power switches should be en. Intensity, focus 
and positioning controls function to control the cathode ray beam in the 
usual manner, and normally require only initial adjustments. The 
vertical and horizontal gain controls may require readjustments from 
time to time to provide convenient size pattern. The 7T7SJ volt-age 
selector switch should be left on nAC position for all following 
measurements. 

RESTRICTED 

attenuate any fundamental or harmonics of the subcarrier which 
may get through the discriminator. These filters are available 
with l£ different cutoff frequencies from 20 cycles to 10£0 cyclies 
for use in conjunction with tha jj.^%  band pass filt-srs. and with 
additional five cutoff frequencies from 660 cycles to 2100 cycles. 
iui    uoo   nj.ua   TJ.JIO   uouiu   pajo   iu.lua.iot       iliuuto   nlw"    Z,   CUXCII    ITS- - 

cjcncy of 218 cycle** »r<? ^ipplipH with this station. Figure 29 
shows a representative performancs curve for any of these filters. 

6.2.2 Installation 

TFIr-2A low pass filter is housed in a metal case, with a 5>- 
pin female receptacle on the bottom of the ca3e.    A flange on each 
end of the case contains a single twist type fastener with a 
slotted hoaa.    The filter is plugged onto a 5>-pin sale receptacle, 
mounted on the filter tray and secured by turning the fasteners 
with a screwdriver.    Four filters can be mounted side by side on 
this tray. 

6.2.3 Maintenance   

Design of these filters is such that intermittent peaks of 
100 volts, or continuous UO volt signals, will not cause breakdown. 
If higher voltages are used and breakdown occurs^ the filter must 
be returned to the manufacturer for repair. 

7.0  Monitor Panel 

7.1  Introduction   

This assembly consists of an oscilloscope, a vacuum tube voltmeter 
and an associated switching system. ILa purpose is to permit observa- 
tions of lignals frcai the receiver outputs and from the subcarrier 
amplifier outputs throughout that station. 
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7.3  Measurements 

7«3ol Receiver Outputs 

To measure the outputs of any of the four receivers set 
+ V»*a     ar.rv^«Ar>Y»-i of o    ****** «-»•* «*-*«•••>     wr-Ji-AV.      (Rt)r\1 Or*'^^ rv-**s«* ««.->.*    *      _• _ 

"PECVR" position, and set the YT7M -elector switch (S905) to the 
corresponding position "A", *B3:, "C, or "D•. 

7»3o2 Sitbcarrier Amplifier Outputs 

To monitor the outputs of any subcarrier amplifier set the 
VTVSI selector switch to "CHAN" arid index the channel selector 
switch (S905) to the desired channel. (In normal operation the 
receiver switches should be placed in "RECVR" position for these 
measurements so that the receiver outputs are applied to their 
respective subcarrier amplifiers. 

These subcarrier outputs may be visually cbKfrved. A choice 
of 60 cps sinusoidal sweep or external (audio oscillator) sweep 
is available for this purpose. 

7.3.3 Calibration 

To test the subcarrier amplifiers and to calibrate the 
Station a locally generated sipnal from the audio oscillator is 
applied to the subcarrier amps while the outputs are measured on 
the VTVM. 

Index the function switch and the desired receiver switch to 
"CAL". (This injects the oscillator signal.) placement of the 
VTVM selector switch to "A", "Brt

? "C", or "D", according to the 
subcarrier amrlifier employed, will allow measurement of this sub- 
carrier amplifier input voltage. This should not exceed I volt 
in order to avoid ovei-Iocnixug. j    "ills the EFUT selector switch oa 
"OSC" the oscillator frequency can be read on the EPUT frequency 
motor. 

The outputs are observed as follows? Set the VTVM selector 
switch to "CHAN,1^ then, as the channel selector switch is suc- 
cessively indexed to the desired positions, the subcarrier amp* 
outputs may be measured.  ^Shift the oscillator- frequency as re- 
quired for this test.) 

7.3»h  Subcarrier Frequency Measurements 

7.3Jul Direct Method 

TFith the receivers and subcarrier amps, operating 
normally, the subcarrier frequencies generated at the tele- 
meter transmitter are directly neasureable with the EPUT 
meter0 Set the function switch to "<SUi3.CAR.0UT" and posi- 
tion the channel selector switch to required channel. 

RESTRICTED 
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7.3.ij»2 Indirect Method 

By the observance of oscilloscope Lissajcus patterns 
the transmitted subcarrier frequencies can be indirectly 
measured.    This method is especially advantageous where con- 
siderable carrier-frequency signal fading is  experienced, 

, or where fcha sube«rrtPT> wavAfftmaa ar-a distorted, either of 
which condition could render the direct measurement by the 
EFUT meter unreliable* 

With normal operation set the function switch to 
"CSC" and select the desired channel by means of the channel 
selector switch*    The horizontal input switch should be 
placed on "EXT".    These settings cause the sinusoidal oscil- 

I lator output to be applied to the horizontal deflection plates., 
and the subcarrier signal to be applied to the vertical de- 
flections plates.    The EFUT meter reads the oscillator 

I frequency, which can be varied as required. 

I     - 7cli      Recording 

After completion cf all preliminary adjustments the four receiver 
switches should be placed in "RECVR* position, and the function switch 
in "RECORD",    Check that all galYSECBeter •,*,+'vrr:-pting switches of the 
oscillograph control assembly are in the center (open) position.    With 
these settings preparedness to record will be indicated by the green 
record lamp*     (Disturbance of any of these 5 switches on the monitor 
unit or of any of the 18 key switches on the oscillograph control unit- 
will causa the "ready to record"1 lamp to extinguish. 

7,5      Remote Control 

Operation of the oscillograph control switch (S908) remotely con- 
trol    both recorder motors.    The upward or manual (locking) position of 
the switch eauses continuous operation of the recorders, whereas the 
downward position causes intermittent operation, 

8.0     Audio Frequency Oscillator 

8,1      Theory of Operation 

The audio frequency oscillator is a wide range instrument having 
i cutout frequencies from 200 to 200,000 cycles.    This range is avail- 

able in six bands 200-600, 600-2000, 200O-60O0s 6000-20000,  20000- 
! oOGOu, and 60000-200,000 cycles.    Output voltage is constant +ldb up 

to 6000 cycles.    Maximum output is 10 volts across rated 1000 ohm 
resistive load.    Distortion is less than 155 up to 6000 cycles, with 
rated load. 

- 53 - 
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8.2.2 Trouble Shooting 

8.2.2.1 Complete    Failure 

Erratic operation such as signal too high or too 
low may occur if V7 is defective or if Rf>6 requires adjust- 
ment.    Hp6 should be set so that the regulated +2l|0 B 
voltage to the oscillator measures that voltage, using a 
high resistance DC voltmeter such as a Simpson Model 260* 
n.ji  _/> rri. ,»;n —^^4-T,» ~^.^,.«-. 4-v, ~ <v.,4—*.x „.ii  

Failure of 78, th« regulator tube, will cause the +2lj0 re- 
gulated voltage to ri3e, with consequent increase in out- 
put signal and increased distortion. If either VI, V2, V3 
or ?U are defective, increased distortion in the output 
signal may result. Excessive distortion may also be 
caused by leaking capacitors, or open bypass capacitors. 

RESTRICTED 

The circuit consists of an oscillator, an amplifier, and a rag- 
xi power supply. The oscillator section is .basically a resistance 

coupled amplifier over which both positive and negative feedback are 
applied. The positive feedback network is a variable frequency selec- 
tive resistance capacitance mesh, and is used to control the frequency 
of oscillation. The negative feedback network which is U3ed for stabi- 
lisation includes a lamp filament also rises, increasing the negative 
feedback, thus tending to offset the rise in amplitude. 

The output amplifier uses two tubes. Negative feedback is used 
in this circuit to minimize distortion to provide uniform frequency 
response and to obtain low ,impedance0 

The power supply provides unregulated B voltage to the output- 
amplifier. The conventional regulator circuit provides regulated B 
voltage to the two oscillator tubes* 

8.2  Maintenance 

8.2.1 Tubes 
i 

Tubes can be replaced by removing the 8 screws which hold 
the cover to the top and back of the oscillator and the U  screws 
in the top.  Ail corrective adjustments are made from the bottom 
of the chassis. 

i 

Complete failure may be caused by a defective fuse, 
defective power rectifier V5, or defective tubes, VI, 72, 
IT*, ny  TTA. 

ft.?-?.? Wrratlc Operation 

', 
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9.0  Frequency Meter 

9.1  Theory ox Operation 

The frequency meter is a counter type instrument which counts and 
displays the number of ever.ts-psr=unit-tiffi6 (EFUT). The time interval 
of measurement is one second and the frequency range is from 20 to 100,000 
cyoltjs pax- second. The basic accuracy of the instrument is 4 event. 

The input circuit consists of tiro-stage amplifier and a trigger 
circuit. The differentiated output signal from this trigger is fed 
through the In^ut Gate to a series of five Berkeley Decimal Counting 
Units. 

The time base which controls the Input Gate derives its accuracy 
from a 100,000 cycle crystal-controlled oscillator. This frequency is 
djvided-down by a factor of 105 through a series of "locked in" one- 
shot multivibrators, resulting in an output of one pulse per second^ 
The supply voltage for the time base is electronically regulated so that 
stability against line voltage variations is insured. A test switch is 
supplied for a direct check of proper operation. Pin jacks are provide 
inside the cabinet for making connections so that the instrument i3 
self-chscking for proper operation of each frequency divider stage. 
Screwdriver adjustments are provided for naking corrections whenever 
they become necessary because of tube replacement, etc. 

Control of the display time is accomplished by means of a system 
which opens and closes a Time Base Gate. As the gate can only be 
actuated by one second pulses from the dividing chain, the time between 
successive starts of counting is therefore an integral number of ac- 
curately controlled time units. Thus, although the readout time control 
is continuously adjustable, actual time between counts will be in multi- 
ples jf one second over a range of one to five seconds. 

The accuracy of each single measurement of events-per—unit-time 
dqpsnds upon the accuracy of the ti? base and upon the total number 
of events* (or counts) received. 

The time Hase accuracy is dependent upon the stability and ac- 
i curacy of setting of the 100 kc. oscillator controlled by the crystal. 
! The short term stability of the circuit used is better than 1 part in 

105 under thermal conditions normal to indoor use. The frequency can 
be adjusted by the operator to any desired degree of accuracy within 
the limit of stability. 

• t 

; i 

•:' ' -J&r 
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9-2      Test Information 

The Operate-Test switch permits normal counting operation in posi- 
tion. In the Test position^ a 100 kilocycle signal from the crystal 
oscillator in the time base is connected to the input of the frequency 
meter. With no input the count displayed should be either 99999  or 
00000. 

If the count is wrong, check the decimal counters, and the fre- 
quency dividers of the time base. 

9.2.1 Set i,n» sensitivity control at maximum. 

9.2.2 Remove the units counter from the plug-in socket. 

9.2.3 Replace with spare Model 705 counter. 

9.2.1* Jfcftsr at least five minutes warmup, check the count. If 
the count is 99999  or 00000, the 70? coasts* was defective. 

9.2.5 If the count is incorrect, exchange the tens counter 
(Model ?00 second from right) frith the fifth digit counter (Ex- 
treme left). If the count is now correct excepting for the 
highest digit, then the trouble lies in that decimal counter. 

9.2.6 If the count is still incorrect, then exchange the tens 
counter with the fourth digit counter, and again check the count. 

9.2.7 If the count' is still incorrect, after exchanging all three 
higher digit counters with the second digit counter, check the 
time base frequency dividers. 

9.3  Time Base jdjustment 

There aro seven twin diodes, The first, is the crystal oscillator, 
the second is the wave shaper, the third is the first frequency divider, 
the fourth is the second frequency divider, the fifth is the third 
frequency divider, etc. The time base channel ic the middle vertical 
channel and the five frequency divider tube sockets are located to the 
left of their associated frequency adjustment potentiometers. The 
f.rystal oscillator is at the top, and frequency divider number five is 
st the b;;ttom. 

9-3.1 Remove the frequency meter from the cabinet and place it 
on a test bench. 

9.3.2 After the warmup period, set Test-Operate switch on Test. 

9.3.3 Set the sensitivity at maximum, 

_ 

3 

. 

- 5"6- 
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9.3.U Adjust the time base frequrncy dividers. 

y=3=5 Connect a 50 capacitor with short clip leads from pin 1 en 
v!3ii5-2, tho time base gate, to pin 6 on the second frequency- 
divider tube 71131-1*» the fourth tube from the bottom on the 
divider channel* 

9.306 Adjust divider controls RlllU-l and RUJJ4-2 until a count of 
00100 is obtained. 

9.3 »7 Move the clip lead to pin 6 on the third frequency divider 
(third from the bottca), 

9o3»8 Jfcijust Rlllii-3 until a count of 01000 is obtained. 

9.3?9 Hove the clip to pin 6 on the fourth divider and adjust 
RUlV-5 for a count of 00000 or 99999o 

9.3»10 Remove the capacitor and clip leadso 

9.3«H While watching the county readjust each potentiometer to 
find the upper and lower limits of satisfactory operation. 

9.3«12 Set the adjustment midway between these limits. 

9«3.13 Reinstall the frequency meter in the cabinet. 

-•< 

-51 - 
RESTRICTED 

. 



RESTRICTED 
SECURITY INFORMATION 

DLM-17 
AFSWP-221 

SECTION V 
i 
i 
I 
I 

PARTS LIST 

1.0  The YlOyoO Keceiving Station consists of s 

3 Y1098U Receiver Cabinet Assembly 
1 T10Q83 Monitor nc:bir«t Assembly 
1 110982 Control Cabinet Assembly 
?. Type 5-=llii Consolidated Oscillographs 
1 112(0$ Cable Assembly 
1 Y12706 Cable Assembly 
1 112707 Cable Assembly 
1 112708 Cable Assembly 
1 Y12709 Cable Assembly 

(Cabinet A, B And C) 
(Caoxnet u) 
(Cabinet E) 

(Cabinet A to B) 
(Cabinet B to C) 
(Cabinet C to D) 
(Cabinet D tc E) 
(Cabinet to Oscillographs) 

2.0  The T1098U Receiver Cabinet Assembly contains* 

i 

• 

KC.Z 

KC. 

1 55519C Regulated Power Supply 
1 TL2381 Receiver Assembly 
1 Y10992 Amplifier Assembly 
1 555l60rl0 Filter- Assembly Band Pass 7035 KC 
1 555160-11 Filter Assembly Band Pass 10,5 
1 555160-12 Filter Assembly Band Pass LU.5 
3 555130 Discriminator Assemblies 
1 555185-H Tuning Unit Assembly 7.35 KC. 
1 555185-12 Tuning Unit Assembly 10.5 KC. 
1 555185-U* Tuning Unit Assembly Uu5 KC. 
1 Y11236 Low Pass Filter Chassis Assembly 
3 555170-9 Filter Assembly Low Pas3 218 cps. 
1 Y11156 Blower Assembly 
1 T1270U Cable Assembly 

3.0  The 710933 Monitor Cabinet Assembly containst 

1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
i 

3 
1 
1 

555600 
TL2381 
Y10992 
555160-10 
555160-11 
555160-12 
TI1553 
555165-11 
555185-12 
555185-U* 
Y11236 
555170-9 
111156 
Y12702 

Monitor Panel 
Receiver Assembly 
Amplifier Chassis Assembly 
Filter Assembly Band Pass 7.3>5 KC. 
Filter Assembly Band Pass 10.5 KC. 
Filter Assembly 3and Pass iii.5 KC. 
Discriminator Assemblies 
Tuning Unit Assembly 7.35 KC. 
Tuning Unit Assembly 10.5 KC. 
Tuning Unit Assembly lit.5 KC. 
Lew PASS Filter Chassis Assembly 
Filter Assemblies Lew Pass 218 cps. 
Blower Assembly 
Catla Assembly 

"3 - RESTRICTED 
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In 0     Y10982 Control Cabinet Ags«nbly contains* 

1 
1 
1 
1 
1 
1 

TiioOO 
mii6i 
555220 
T117aU 
T12703 
TF-I I. n-» *y 
iiUJll 

10x1 on 

Audio Oscillator Assembly 
EFUT I»eter Assembly 
Oscillograph Control Panel 
Master Power Panel 
Cable Assembly 
ru.Owe.rs 
Dustcp Ai: 

I       * 
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5.0 Y-12381 RECEIVER ASSEMBLY 

Circuit Designation Description Part Number Manufacturer 

C101 .001 uf, £00 v,  ceramic 
disc. CL1000 

Radio Materials 
Co. 

. 

C102 500 uuf,  ceramic Style 331 Erie Resistor Corp. 

G103 0.5-3 uuf. ri?ramie 
trimmer 

?IAlii82 Centralab Diy. of 
Ulcbe Union5  Inc. 

ciol* 1 uuf, +I0£,  NPO. Ceramic Style 301 Erie Resistor Corp. 

C105 Same as C103 

C106 Same as ClOli 
- 

C107 1—h uuf, csraniic trimmer        7AJLLUO2-OU3 

Style A C108 10 uuf, +5%, NPO, ceramic 

C109 Same as CI0I4. 

CI10 Same as C101 

cm .005 uf, 500v,  ceramic 

C112 Same as Clll 

C113 Same as Gill 

CILU Same as C108 

cii5 5> uuf, +$%, NPO, ceramic 

C116 Same as C107 

C117 Same as Cll£ 

cii8 Same as C101 

ou.a.,7 Same as C101 

C120 Same as C101 

C121 Same as C101 

CL 5000 

Style 

Centralab Div. of 
Globe Union, Inc. 

Erie Resistor Corp. 

Radio Materials 
Co. 

Erie Resistor Corp. 

1 
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C122 

S123 

\jicu 

C125 

C126 

GI27 

G128 

C129 

C130 

C131 

C132 

C13U 

C13S 

C136 

C137 

C138 

ClhO 

Cllil 

Cil*2 
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Description 

8 uuf, silver mica,built 
into T101 as integral part 

UO uuf, silver mica, built 
into Tim a« 

DLM-17 

AFSWP-2!: 

Part Number  Manufacturer 

Same as C1Q1 

200 uuf, N7£0, ceramic    Style B 

Same as C102 

Same as Clll 

Same as 0102 

Same as C102 

Same as Clll 

Same as C122, built 
into T102 as intergral part 

Same as C123, built into 
T102 as integral part 

LJCUU6   aS    UXJLX 

Same as 0102 

Same as Clll 

Same as C102 

Same as C102 

Same as 0122, built into 
T103 as integral part 

Sams as C123, built into 
T103 as integral part 

50 uuf, +5%,  NP0 

$0 uuf, +202, N750K 

Same as C102 

- 61- 
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Erie Resistor Corp, 

i 

Stvln T Eri* Resistor Corp. 

Erie Resistor Corp. 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 

AFSWB-22] 

CirciKVt Designation 

G3JUU 

C1U6 

C153 

C1?U 

Cl£5 

CI56 

C157 

Cl£3 

CI
L
;° 

C160 

C161 

C162 

C163 

Description 

Sans as C102 

Same as CI02 

Same as ^122, built into 
TlOli as integral part 

Same as C123, built into 
TlOli as integral part 

Part Number  Manufacturer 

clii? Same as Clll 

CH48 Same as CIlliO 

33 uuf, +$% 

C15'0 Same as C101 

Ci^il Same as C101 

C152 20 uuf, +£%',  NPO 

Same as C122_» built into 
T105 as integral part- 

Same as C123, built into 
TI0f> as integral part 

Same as CliiO 

Same as Clll 

Same as Clll 

Same as Clll 

Same as Clll 

Same as Clll 

.01 uf. ^00 v 

Same as CHjO 

Same as Clll 

- 62 - 
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N220 CN Electrical 
Reactance Corp, 

CN7J6C Electrical 
Reactance Corp, 

D6-103 Centralab Div„cf 
Globe Union, Inc. 

'""•""   Kill  I—»||l|ll 
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RESTRICTED 
SECURITY INFROMATION 

Circuit Designation    DescrJption 

C16U Same as Cl6l 

C165 

C166 

C167 

C168 

A uf, SCO ? 

Same as  Cl6l 

10 uf, 600v, paper 

Same as C16? 

Same as Cluu 

C170 Same as Clll 

KL01 120 ohms.  §• Wc-fct 

R103 h70 K, | -watt 

HlOli Same as R103 

EL0$ 150 K, t watt 

H106 lf;Q ohms, \ watt 

R107 Same as RL06 

R108 3.3 K, Jwatt 

R109 27K, \ watt 

R110 27 ohms, \ watt 

Rill 220 ohms, \ watt 

R112 100 K, \ watt 

R113 1 K,  \ watt 

R11U Sam^ as KL03 

Rll£ -\r\ v     i ,.,-.-1-4. 

DLM-17 
AFSWP-iVi 

Part Number     Manufactorsr 

T7C6P1 

Type T6100 

TSm»   T?_P 

Tvut 

Type F  ? 

ED.6 51 ohms, ^- watt 

iype .E^D 

Type E-B 

Cornell-Dubilier 

Cornell-Dubilier 
Electric Corp0 

Allen-Bradley Co„ 

Alien-bradley Co, 

Allen-Bradley Co. 

Allen-Bradley Co. 

Allen-Bradley Co. 

Typs E-B Allen- -Bradley Co. 
i 

i 

Type E-B Allen-Bradley Co. 
•     • 

Type E-B Allen- -Bradley Co. 

Type E-B Allen- -Bradley Co. 

Type E-B Allen- -Bradley Co. 

TVno 
• - •• i— E—B Alier.- 0*    IC-VJ 

• 

• i 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-I? 
AESWP-221 

Circuit Designation 

• 

i 

1 

* 
* 

I 

*: 

ii 

V 

W117 

R118 

Rii> 

R120 

R121 

R122 

R123 

R12U 

R125 

R126 

R12? 

R128 

R129 

R130 

R131 

R132 

R133 

Rl3u 

R13S 

R136 

R137 

R138 

RUiO 

Description 

a.7 K, f watt 

Same as R113 

Same as Rll? 

Same as R106 

u7 K, §• watt 

Same as RU3 

Same as R123 

18 K, \ watt 

in v    1 •=•=++ 

Cra.   —    PIT? 

Same as Rli6 

Sams as R121 

Same as nl21 

Same as R113 

Same as R103 

Qr,— .-    -.-    X>-\01 
•~* •s' it C .     uu      - ^*- ^. _ 

22 K, I watt 

Same as R109 

33K, §• watt 

Ssme as R113 

13 K, I watt 

100 K,  +2%, f watt 

Same as R139 

Part Number      manufacturer 

Type G-B Allen-Bradley Co, 

Type E-B Allen-Bradley Co. 

Type E-B Allen-Bradley Co„ 

Type E-B Allen-Bradley Co„ 

Type E-B Allen-Bradley Co„ 

Type E-B 

Type E--B 

Allen-Bradley Co. 

Lien-Bradley Co. 

Type E-B Allen-Bradley Co. 

Type E-B Allen-Bradley Co. 

I! 

"    1 

. 

- DE- 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 
AFSWP-22I 

« 
i 

? 

Circuit Designation Description 

RlU Two 10 ohms, $ watt, in 
parallel 

KLh2 220 K, § watt 

RU3 gaae «- R1K0 

RlUi Same as R112 

K1J.5 1M, U Taper, Potentiometer 

RU46 Same as Ri03 

RU7 Same as RU*2 

Rll»8 130 K, | watt 

Kiii> S-sse as rr-jj? 

KLSO 50 K,  Linear 

KL$1 Same as R121 

Rl?2 Same as R13U 

Rl?3 Same as R2£0 

RlS'li Same as R108 

m# Same as R136 

RI56 Same as R108 

R157 10 K, 1 watt 

Rl?8 6,8 K, 1 watt 

KL59 Same as R123 

R160 500 K. A Taper, 
Potentiometer 

R161 Same as R126 

R162 Same as Rllj2 

R163 Same as R113 

R16U Same as R123 

Parh Number 

Type E-B 

Type J 

-65- 
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Type E-B 

cu 503: 

Type G-B 

Type C-B 

Type J 

Allen-tfradley Co0 

Allen-Brad"! *v (In. 

Allen-Bradley Co. 

Allen-Bradley Co. 

Ohmite Mfg.  Co. 

Allen-Bradley Co. 

Allen-Bradley Co. 

Allen-Bradley Co. 

! 

I 

I 

I 

; 
: 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

Circuit Desicnation      Description 

DLM-17 
AFSWP-22I 

Part Number      Manufacturer 

R165 

R166 

J101 

J102 

J103 

JlQii 

P1C2 

P103 

P601 

L101 

L101A 

L102 

L102A 

L103 

L1GUA 

L105A 

L106 

2 K, 25 watts. Adjustable  #037? 

5 K, 25 waits #0212 

Connectors 

Female, Coaxiai SC-235 

Female,  Coaxial,   8NC Series UG ?SQ/M 

Same as J102 

Same as J101 

Sale, coaxial*  BNC Series      UG88/U 

Same as P102 

Plug 16812-15 

Inductances 

Spiral Inductuner        S—JU 

Inductance in Ccmn«c+.ing 
T -- J- 

5a/u3 as L101 

Inductance 3n Connecting 
Leads 

Inductance in Connecting 
Leads 

Same as L101 

Inductance in Connecting Leads 

Same as L101 

Inductance in Connecting Leads 

3.8 uh R.F. Choke        A-167-101 

-66- 
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Ohmite life.   Co. 

Ohmite Mfg.  Co, 

American Phenolic 
Corp. 

Industrial Prod. 
Co. 

Industrial Prod.  Co. 

Cannon 
• 

" 

P.R.Mallory Cc=   Inc. 

i    1 

Clarke Instrument 
Corp. 

.     .        : 



PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 

AFSWP-221 

i 

I 

Circuit- Designation  Description 

LIO? 2.5 uh, R*F.  Choke 

Part Number      Manufacturer 

L108 

TJ09 

L1I0 

Llll 

KLOI 

iao2 

LS101 

TlOi 

TI02 

T103 

•noU 

T105 

mi r\C 
JLJLWU 

T107 

A-167-103 

Same as LIOS 

10 h,  Filter Choke 

Same as ullu 

PH 106? 

Meter3 

5»0 Microamperes 
Scale according to Clarke      HM2 
Instrument Drawing Nc. 
B-167-501 

100-0-100 microamperes HM2 

Speaker 

h,! Permanent Magnet Type        Type l|0liS2 

Transformers 

I.F. Transferal 

Sams as T101 

ISF. Transformer 

A-167-11C 

A-167-109 

Same as T103 

Discriminator Transformer      B-l67-£2U 

Audio Output Transformer        A-167-108 

Power Transformer 

- 67- 
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PHC-85 

Clarks InstruiiiSJit 
Corp. 

Clarke Instrument 
Cnrri. 

Chicago Transformer 
Co0 

Marion Electrical 
Instrument Co. 

Marion Electrical 
Instrument Co. 

ECA 

Clarke Instrument 
Corp. 

Clarke Instrument 
Corp. 

Clarke Instrument 
Corp. 

Clarke Instrument 
Corp. 

Chicago Transformer 
Co. 

i 

1 i 

i 

! 

I 

! 
i 



PARTS LIST 

Circuit Designation 

RESTRICTED 
SECURITY INFORMATION 

DLM-17 
AFSWP-22T 

NOTEt 

Description            Part Suaber Manufacturer 

Hardware 

Handle                 1020 USECO 

Plug                  106-73A E.F.Johnson 

•s equipped with crystal oscillator uniLa add the 
following parts* 

Cl 

C2 

C3 

& 

C6 

C7 

Rl 

R2 

& 

R* 

R6 

LI 

L2 

L3 

Ll4 

1000 uuf +100?-0? 
Silver Mica 

22 uuf +10? Mica 

100 uuf +10? Mica 

10 uuf +10? Mica 

1000 uuf +100?-0? 
Silver Mica 

500 uuf +20? ceramic 

1000 uuf +100?-0? 
Silver Mica 

680 +10? I W 

220 +10? I W 

8.2 +10? f W 

3.3 K +10£ i* 

Same as Bh 

Same as R2 

6U.2-70.1 MC Coil 

128U-140.2 MC Coil 

25-.8-280.U MC Coil 

.7U-.76 uh Coil 

906A Centralab 

U63065 Standard 

1*63097 Standard 

U63065 Standard 

906A Centralab 

CP2-A Erie 

906A Centralab 

RC20AE681K Standard 

RC20AE221K Standard 

RC20AE823K Standard 

RC20AE333K Standard 

Y12119 Bendix 

Y12120 Bendix 

Y12121 Bendix 

Y12127 Bendix 

I 
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PARTS LIST RESTRICTED 
SECURITY EJFOHKATICH 

DLM-17 
AFSWP-221 

Circuit Designation     Description 

1$ Coil Assembly Coupling 

PI Plug, R.F. Cable 

Jl Connector Coaxial 

VI ViCiiuyn Tube—Submin, 

72 Same as 71 

73 Saoic as 71 

T Crystal, Quartz +,Ol£ 
(See table for frequency 
desired) 

Part Number     Manufacture?* 

Y12798 Bendix 

VG-897 Standard 

31-003 Amphenol 

mm 

H17 James Knight 

.-•..,,--       ..    *.r i  ,-...-  *••   • 

! 

RESTRICT*!) 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 
AF3!I?-221 

6.0 555150 SUECARRIER AMPLIFIER 

Circuit Designation Description 

C50I, 
C503, 

#02, 
c5oU 

Capacitor ,05MF J4OOV 

C505, 
QS07, 

C?06, Capacitor .5MF 200V 

G509, 
c5H, 
C513, 

-   — — 9 

C?105 

C512, 
C51U, 
0516 

Capacitor ^O^MF UOOV 

Handle^ Panel 

Snob, Pointer 

M501 Meter, Test 

P501, 
P5'03. 

F502 
P501* 

Plug, Octal 

P505 Plug 

5501, R502, 
RcTn), 

Potentiometer 500K 

R5C5, 
R5o?- 

R506 
R508 

Resistor 3900-2W 

T?£no. 
—i*» —^ » 

R5li, 
8tf! o 
R512 

Resistor 270—13f 

R513, 
R515, R516 

Resistor 5l0-§ 

R517, 
R519, 

R518, 
R520 

Resistor 100K - ^ff 

R^21, R522 Resistor IK - Jff 
R523, R52U 

r>€.or: 
R5U0, 

R527 
R513 

Reoistoi' 2»2K — jffi 

R526, R528 
R51i2 

Resistor 18K - fff 

fart Number      Manufacturer 

PU88 

P288 

FilBti 

Aerovox 

Aerovox 

ierovox 

RC20BF511K       Standard 

RC20BF10UK       Standard 

RC20BF1C2K        Standard 

itC203F222X        standard 

RC20BF183K        Standard 

1020 USEC0 

Uioi-p H.Davies Mold. 

556U56 Bendix 

86-CP8 Amphenol 

16812-15 Cannon Elec9 

AB Ohmite 

Standard RCli2BF392K 

04-«^-—J 

: 

- 70 
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RESTRICTED 
SECURITY INFORMATION 

Circuit Designation  Description 

R?29, RS30 
R&31, RS32 

#33, R538 

R53U, R535 
#36, R537 

#39 

Resistor 1 Meg. - |ff 

Resistor ,93 - |ff 

Resistor 15.67 - §W 

Resisoor »lj0 - |ff 

Tube Shield l|w long 

rdivzt vixmiDGV 

60 

60 

60 

DlK-17 
AFSWP-2?:. 

RE20BF10SK   Standard 

Hyccr 

Hyeor 

Hyeor 

Amphenol 

NOTEs All Resistor part Nos.with RC prefix are per JHMt-11 

S£01 

V£0I,  V5'0li 

V5C2, V^03 
v5o5, 7506 

XV50I thru 
X7?06 

Switch, two circuit 
9  position 

Tube, Vacuum 

Socket, 9  pin miniature 

3229J 

5687 

12AT7 

53F12621 

Mallory 

Standard 

Standard 

Cinch 

- 71 - 
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PARTS LIST RESTRICTED 
SECURITY IHFOHKATIOH 

7.0 555180 DISCRIMINATOR 

Circuit Designation  Description 

Can. Switch 

DUH.7 
AFSWP=221 

Part Number     Ifaiufacturer 

C301 

C328 

C330 

C331 

C332 

0312,  C319, 
C329 

I3U3 H & H 

Capacitor, 5100 uuf 5007 
+20% RCM30D512J        El Menco 

Capacitor, 10 uf u507 
Electrolytic 

Canaoit.or;c05uf UOOV 

Capacitor,  .02 uf 200V 

Cornell- 
BR10li5A Dnbilier 

nAerolite,lP82 Aerovox 

BAaroliteBP82 Aerovox 

Capacitor.  .01 uf 500V +10* RC3QD103M 

Capacitor - See Note 

NOT'K* l. Capacitors C3I? thru C31°, and C329 are components of the 
tuning unit which is to be 1eplaced in whole, 

- 72- 
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C302 Capacitor, .2? uf hOOV "AeroIitenP82 Arnvrtymr 

C303 Capacitor, 
+20* 

.01 uf 5007 
RCM30D103K El Menco 

CiOh f!flnarit.nr. —L _ v* j 
C  ,,,.r cTi-inTTj-ifc/ Ki Menco 

C30? Capacitor, 
±5* 

51 uuf 500V 
CM15D5'10J EL Menco 

• 

C306 Capacitor, „5uf Uoov "Aerolite"P82 Aerovox 

C307 Capacitor, 
<6% 

10 uuf 500V 
OG.5D100J El tfencc 

C308. 
0322 

C320, Capacitor, 
+20* 

oOOl uf 300V 
RCM20B102M El Menco 

C309, C311 oapac^. f or, .2? uf 20u nAerolioe"P82 |n"rrvw<K 

C310 Capacitor, .5 uf 2007 "Aerolite"P82 Aerovox   • 

C321 Capacitor, 1*30 uif 300 +5* CJC.5DI43U EL Menco 

"21C *>J<-J 

Electrolytic TJU6050 
Cornell- 
Dubilier 

C32U, 
C327 

C326, Capacitor, 0.1 uf l^OOV nAeroliteltP82 Aerovox 



PARTS LIST RESTRICTED 
SECURITY INFORMATION 

ELM-I7 
AFSWP-22I 

L301 

i -5m 

J301 

F301 

1301 

M30I 

M302 

1003 

R331 

R329 

R301 

R369 

R3U0 

P30I 

K301 

K302 

R302, 

R303 

R383 

R3014, R307 

R382, 

Description Part Number 

HS-307 

Manufacture" 

Choke, Filters  15H 

Bud Radio Inc. 

Connecter, Jacks 15 contacts S-315-AB Jone3 

Fuse.  3 amp 3  AG  "Sio-BIo71 
312003 Littlefuse 

Fuse Holder,  Finger type 3u2001 Littlefaae 

Handle, Panel 1020 TTQ-CT-n 

Knob, Black with Pointer UlOOP Davies Mold 

Lamp, Pilot Hi7 O.E. 

Meter, Input 5562*58 Bendix 

Meter,  Output 556U59 Bendix 

Meter, Test 556U57 Bendix 

Potentiometer-  2K wirewound 1*3-2000 

Potentiometer, l£K wxweund 55-15000 Clarostat 

Potentiometer, 500K Type A-B Ohmite 

Potentiometer, Dual 50K each PQ11-123 & IRC 
M-ll-123 

Potentiometer, 500 ohm 
wirewound 1*3-500 Clarostat 

Plug.  Rack Type 16812-15 Cannon 

Plug,  Index '106-73A E.F,Johns on 

Relay, Thermal Delay 6.3V - 6NO60 Amperite 

Relay, Telephone Type Type 620U Advance 

Resistor - 1 meg -»-i0£ |VT RC2OBF105K Staidard 

Resistor - IK *IO£ gw RC20BF102K Standard 

Resistor - 1|.7K +10£ JW RC20BFli732: Standard 

ivCJ-lu wvi.      —    xjli    +iU%    -L    1* RC20BF103K Standard 

I 

R305, R306, R356, 83^7 
- 73 - 
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PARTS LIST HSSTRICTED 
SECURITY INFORMATION AFSWr-221 

Circuit Designation 

R56S, R308, R315 

R309, R310 

R3I2 

R313 

R316 

R317 

R3a6, RJ)51, R318 

R3iy 

R320 

3321 

R322, R323, R337 

R32U 

R325 

R326, R379 

R327, R338 

R328 

R330 

R339 R3tl 

R3l4?- R3U3 

R3uu, R3S0 

•oi\.tf R-jrO. 

R3U7, 
R35/3 

R3U8, R3S2, 

R3U9 

Description Part- Nuxnbei 

Resistor •   100K *10£ |W 

Resistor - 390K +10* %/r Rn?0BF3?!*X 

Resistor - 8.2K+I0£ |W RCX)BF522K 

Resistor - 150K +10£ §¥T RC2OBFISI4K 

Resistor - 15K +10* |W RC20BF153K 

Resistor - 33K +10;* Jff RC20BF333K 

Resistor - 6.8K +10% fT RC2CBF68?K 

Resistor - <,£ n>_eg +l£ |W 70-L 

Resistor - 70K +12 §W 70-L 

Resistor - 2K +1% Jff 70-L 

Resistor - 2$K +1% |ff 70-L 

Resistor - UOK +1# -|w 70-L 

Resistor - 10K +1% |ff 70-L 

Resistor - 3.3K +10* fff RC20BF332K 

Resistor - 50K +l£ ^7 70-L 

Ree4 ?t?r - iOOK +1% £?f 70-L 

Resistor - 30K +1* |VT 70-L 

Resistor - 2.?K +1* 7W 6B-13 

Resistor - 330 ohms +10$ |ff R020BF331K 

Resistor - 22GK +10* fT RC20BF22iiK 

Resistor - 39K +10$ f« KG20BF393K 

Resistor - U.7 ohms +I0£ 331 T;Vpe BTA 

Resistor - U70K +I0# |W RC20BFL?]4K 

-il'iilUj.a.Ct.U.;  &. 

RC20BF10LK   Standard 

Standard 

Standard 

Standard 

S4- e —-3 a •—-> ^cuiuai u. 

Standard 

Rye or 

Hycor 

Hycor 

Hycor 

Hycor 

Hycor 

Hycor 

Hycor 

Cd-sma Eng, 

Standard 

Standard 

Standard 

IRC 

Standard 

ES'f&cl RES TED 

I 
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PARTS LIST 

Circuit Designation 

R3£8, R3S9 

H36G 

UJOJL* it_? 10 

R362 

R363 

H36U 

R366, R385 

R367 

R366 

B3?0, R375' 

R371, R372 

R373, R37U 

R377 

R^78 

R380 

R38Ii 

R386 

RESTRICTED 
SECURITY INFORMATION 

DLfc-17 
AFSK*-221 

Part Number      Manufacturer 

Resistor, ?00 ohm HO? 
l(3f wirewound 

Resistor - 2-7li  r>htr.<5 •!? 

Resistor - 39&+1? |W 

Resistor - 1.08 ohros +1? |« 

Resistor - .301 ohm +1?! |ff 

Resistor - 188£ +1? i*f 

Resistor - 3.03 ohms +1? 

Resistor - U?K +10? |W 

Resistor - li.^K +10? ICff 
wirewound 

Resistor - variable - 300 
ohm, T-Pad Spec. 

Resistor (Determined during 
test and calibraticr) 

Resistor - 68K +10? |W 

Resistor - 2*2 meg +10? |W 

Resistor - 220K -10? |S" 

"Brown Devil" iTLi-Tift 

TT  

70-L Rye or 

70-L Rye or 

70-L Rye or 

70--L Hyeor- 

70-1 Hyoor 

RC20BF2; 

"Brown Devil" Ohmite 

CIT-S8 

Replace in 
kind. 

RC20BF683K 

RC20BF225K 

RC20B?22iiK. 

Resistor - l.S meg +10? 1& RC20BF15PK 

Resistor - 82K +10? 2W RC20BF823K 

Resistor - 100 ohms +10? fff RC20BF101K 

R-sistor - 2.2K +10? %R RC20BF222K 

Clarostat 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

R381 & R332 thru R336 
Resistor - See note. 

NOTE*  1, Resistors R332 thru R336, and R381 are components of the tuning 
unit which is to be replaced in whole, 

2. Resistor part numbers wit; RC prefix per JAN-R-11. 

RESTRICTED 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

PLU-17 
AFSfP-221 

Circ\xi t Designation     Descr  jtion 

Shaftlock, Wrench type 

Shaftlock, Hand type 

Shield, Tube 2-^ lg 

Snield, Tube 1-3A lg 

Shield, Tube l-l$/l6 lg 

II301 Socket, Panel Lamp (red) 

Part Number      Manuf ac I-urer 

1510 

1520 

75U 

753 

952 

81L10-1U 

XV301, XV302,  X730U 
X7305, XV307 thru 
X731U 

X7302,  SV306 
X7315 
XK301 

S3 01 

S3C2 

S302 

Socket, Tube 7 Pin Miniature 9319 

Socket, Tube 9 Pin Miniature 53F12621 

Socket, Octal 77-4HT8 

Switch, Power 7500 Klli 

Switch, Rotary 2 CIR. 6 POS. 3226J 

Sritch, Mcneiitary 131*0 

S30U Switch, Toggle DPDT 
115V, 10A 

CTR OFF 

T301 A   A.   CUiUi.   UA   lll^X 

V301 Tube- Vacuum 6BF6 

V303, V30U, V305, Tube^ Vacuum A«tIA wnww 
TTOT/-\ IJiU 

V302, V306 Tube, Vacuum 12AU7 

V307, V308.. 7309 Tube, Vacuum 6AQ5 

V312, 73U Tube, Vaouum 6X)i 

V3H; Tube, Gas Regulator 0A2 

V315 Tube, Vacuum 12AT7 

USEC0 

USEC0 

Cinch 

Cinch 

Cinch 

Dialco 

Cinch 

Cinch 

Amphenoi 

Cutler-  Hammer 

Mallcry 

Arrow Hart 
& Hedgeman 

Cutler-Hammer 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

! 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 
AFSWP-221 

6.0 555190 REGULATE? PCWER SUPPLT 

Circuit Designation Description Part Number Manufacturer 

C701, C702, C703 Capacitor, 6uf I000V JAN CP70 
BIEG60iK S+.a^Ha-f-rJ 

C70U, C705 Capacitor,  0.1 uf 6007 CMIC-610 Tobe 

Criokcj  filter e'c'cfnoQ SeiidJLx. 

L702 Choke, Filter 555031 Eendix 

F701 Fuse, 5 amp. Littlefuse 

XP70I Fuse, holder 3^2001 Littlefuse 

Handle. Panel 1020 USECO 

Knob,  Instrument S-306-6U Kurz-Kasch Co. 

XfUX Lamp, Pilot U7 Mazda 

M7CI Meter Y09U13 Bendix 

Plug 106-73A E.F.Johnson Co 

F701 Plug 16812-15 Canncn 

R7U1 Potentiometer, 175 ohm,   25W 0153 Ohmibe 

R702 Resistor,  25K 5* 5KT-25K Sprague 

R703 Resistor, 12.5K 5» 5KT-12.5K Sprague 

R70li ••- Resistor,  2U0X ^f rtwcvxsr out Standard 

R7C5 R707 RssJstor, 1 lle^. 4w RC20BFI05M Standard 

R706 Resistor,  68K 1W RC30BP683M Standard 

R708 Resistor, 15K 2W PC)42BF153M Standard 

R709 Potentiometer, 10K 58-10,00OW Clarostat 

R710 Resistor, Precision 500K 60-500K Hycor 

R711, R712 Resistor, Precision 
0.213 ohm 

60-0.213 hycor 

R713 Resistor, Precision0.1062 
ohm 

6O-O.IO62 Hycor 

S7C1 Switch, Mfcter I73C Mallory 

RESTRICTED 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLW-17 
AF3IP-221 

Circuit Designation  Description 

XI701 

T701 

T702 

7701 

V702 

V703 

770U 

Switch, Toggle 

Shaftlock 

Socket, Pilot Lamp 

Transformer, Power 

Transformer, Filament 

Tube, Shield, 7 pin 
medium 1 3/h in» 

Tube, Vacuum 

Tub©; Vacuum 

Tube, Vacuum 

Tube, Gas Regulator 

Part Number  Manufactur 

1330 cr   », ti n  uc 11 

UE5C0 

1U7-111 Gothard- 
Jchnson 

5916 Altec Lansing 

9305 Triad 

7S3 Cinch 

5RIGY Standard 

6.4S?G Standard 

6SL7GT Standard 

5651 Standard 

- 78 - 
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PARTS LIST 

9.0 

Circuit Designation 

C901, c>oU 

0902- C905 

G903}  C906 

FyOi 

XF 901 

x >C, 

XI 901 

porn +!•*•» •Dnni 

P905 

R907. R908 

J 90^ 

R 901. R90I 

R 902, R905 

R ono  RonA 

xv 901, XV902 

S901 thru S90U 

S905 

RESTRICTED 
SECURITY INFORMATION 

555600 MONITOR PANEL 

Description 

Capacitor,, D-l ufiOOV 

c?.pacitor; s.05 uf 600v 

Capacitor, 25 of  25V 

ruse, J amp. 3AU 

Fuse Holder..  Finger Type 
•5   an 

Handle, Panel 

Knob,  Instrument 

Knob,  Instrument v.-/pointer 

Lamp.  Pilot Light 

Oscilloscope Assembly 

Pilot Assembly,  Grn jewel 

Plug,   Inds:: 

PI 

Plug. AC 

DLM-17 
AFSWP-22] 

Part Number Manufacture: 

P82 Aerolite 

?8? Awr-ol iJr.f. 

Aerovox 

312003 Littlefuse 

3^2001 T.it.tlefuse 

1020 U.S.Engr. Co 

hlOO Davies Mold 

U100 P Davies Mold 

#U7 G.E. 

31        P-r-'ir   T•_ 

•on--.-     n. 

90905 

810--BF 

106-73A 

16812-15 

2717 

1 r.B..*?^ 

Potentiometer,.   .5 Meg ^ype    CU-50ul 

A-B Receptacle,  AC 

Resistor, 1*70 ohms |W 

Resistor,  20CK 1W 

P-ccictcr, 33K 1W 
Shield,  Tube Miniature 

2716 

8661 

Socket,  7 Pin miniature Tube S010M 

Switch,  Rotary liiC5 

Switch,  Rotary - 2 gang 
1 Circuit,  1 gang lhll 

- 79 - 
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Dial Co, 

E„ F.Johnsen 

Cannon Electr: 

G.E. 

Ohmite 

GoE, 

Standard 

Standard 

3+ sndard 

Cinch 

Centralab 

Centr alab 

! 

:•• 

' 

I 

1 
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SECURITY INFORMATION 
IHIM.7 
AFS1P-221 

Circuit Designation     Description Part Number      Manufacturer 

S906 

SS08 

Scope 

VTUM 

Scope 

VTVM 

VRVM 

Scope 

Switch, Rotary 1 gang 
1 circuit        32117J 

ev--^ J. — U       •?-.*.««—-   *5 — _ 

2 circuit/gang 3ii25 

Switch, Telephone Type    10U^ 

Vacuum Tube Voltmeter     Model 62 

iuD9« Vacuum 

Tube. Rectifier 

Tubs,  Rectifier 

Tube.,  Rectifier 

Tube,; Vacuum 

Tube,  Vacuum 

Tube,  Cathode-Ray 

6AU6 

5W3 

6C? 

6H6 

5UP1 

Mailory 

Centralab 

Measurement Corp- 

Standard 

Standard 

Standard 

oT- anu.ax*^ 

Standard 

Standard 

Standard 

••»£ - 
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PASTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 

10.0 TLLUtl EPUT METER 

Circuit Designation     Description Part Number      Manufacturer 

C1201 Capacitor - 610 uuf +10* 

P12C1 

R1206 

P120? 

R1201 

Ra.20li 

R1205 

XVI201 

V1131-1, v1131-2 
V13U*-1 thru V13H-5 
VL3u6, VI thru VU 
V1131-U thru V1131-.7, vi201 

Handle,  Panel 1020 

Plugs  Index I06-73A 

Plug. Rack Type RTC 12-3U-3 16812-1$ 

Potentiometer, 50K Carbon      Type AB 

Prod, Test - Phone tip 9h 

Resistor. 2.U meg +1C# J*f RC20BF2u5K 

Resistor, 1.5 meg +10* %B RC20BF155K 

Resistor,  J30K+10* %K RC20B?33l»K 

Resistor. 560K +10* |W RC20BF56UK 

Shield., Tube - 1-15/16 lg      952 

Socket, Tube 9 Pin Miniature 53F12621 

Tube, Vacuum - Miniature        12AU7 

NOTE?      1.    For parts not listed see schematic. 
2.    Resis'tor part numbers with RC prefix per JAN-R-11 

RESTRICTED 

ussco 

E. F. Johns on 

Cannon 

Ohmite 

Bud Radic Inc. 

Standard 

3+ awl a*v"? 

Standard 

Standard 

Cinch 

Cinch 

Standard 

V1136 Tube, Vacuum 12BH7 Standard 

V101 Tube, Rectifier 5UUG Standard 

V102 Tube Vacuum 6Y6 St sndard 

V103, V13U1 Tub* Vacuum 6AU6 Standard 

VIOl; Tube, Gas Regulator 0B2 Standard 

V13U5-1, V13U5-2 Tube, Vacuum 6AS6 Standard 

•vMumwj .--;»«- 
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PARTS LIST 

ilo0 

Circuit Designation 

Cl 

C2, CU 

C6 

C7 

C8 abc 

C9 

CIO, C13, CIS, 
Cl6 

Cll 

RESTRICTED 
SECURITY INFORMATION 

T118CO AUDIO OSCILLATOR 

Description 

DLM-17 

Part Number     Manufacturer 

CIS 

CUi 

C17 

Hi—S6, nijj—RI8 

K7-K12 

R19-R21 

R22 

Hewlett-Packard Timing Capacitor and Drive    I-10O 
Assembly- 

Capacitor I  fixed,  sliver mica, 
333 uur; ij'uovdcwj 
Electrical value adjusted at 
factory 

Capacitor, variable,  air, 50 uuf J-55L        Sarkes Tarzian 

C&^acitors     Electrical value ad—* 
justed at factory 

Capacitors  Tixed, paper,   «? uf, 
-10? +20? 600 vdcw 68U 

Capacitor:  fixed,  electro-   FPT-389 
n L J-        ~> r\        *! r\       T /*%   •• •*>        i  *-\^\    i  xyoxu,   xu,   xv,   xu Ui,   uuu  vu«n 

Capacitors fixed, paper,        681; 
2000 uuf, -25? +5055 600 vdcw 

Capacitor?  fixed,  electro-    FPS-ll|6 
lytic    LiO uf.  Li?0 vdcw 

Capacitor?   fixed,  electro-    FPS-lM 
lytic 20 ufi hSn vdcw 

Capacitors fixed, paper,        P688 
.1 uf_, +10? 600 vdcw 

Capaciatort fixed, paper 
k uf, +10? 600 vdcw 

Capacitors fixed, paper P688 
.05 uf, -10? +30? 600 vdcw 

Part of Range Switch Assembly 

These circuit references not 
assigned. 

Aerovox 

Mallcry 

Aerovox 

Mallory 

Mallory 

Aerovox 

Girard Hopkins 

Aerovox 

These circuit references not 
assignede 

Resistors variable, composition 33-010-725 Centralab 
20*000 ohms, linear taper 

- 8.   - 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

DLM-17 

Circuit Designation      Description U       MUiUWCi 

R23 

R2? 

R26 

R?7 

R2B 

R2? 

R30 

R31, R33, RiiO, 
Rlil, Rii2, RU3 

R32 

R3U, K3t> 

R35, 
R52 

HWi 

R37 

R38 

R39, HU7 

RU5 

RU6 

Resistors variable, composition 
10,000 ohms, linear taper  JLU 1031 

iicoxeovi d    "vai'j.aux€p     CCiu'p03 1. oC** 

2000 ohmsj linear taper 37 

Resistors variable, wir-wound 
1000 ohms;  linear taper 21-010-355 

Resistors variable.  200 ohms 

Resistors  variable, wirevround 
100 ohms.: linear taper 21-010-35u 

Resistors variable^ w^jrenreund 
1000 ohms;  linear taper 27-010-355 

Resistor?  fixed, wirewound 
1500 ohms;  +10* lW HT 

Lampsi  6W 120V 

Resistors fixed,  composition 
56,000 ohms;  +10* 1W GB 5631 

Resistors fixed, composition. 
100,000 ohms;   +10* 2W HB lOlil 

Resistors  fixed,  composition 
270 ohms;  +10* 1W GB 2711 

Resistors  fixed,   composition 
560,000 ohms;   +10* 1W GB 561-1 

Resistors  fixed, srirewound    A 2580 
5000 ohms;  +10* 20W 

Resistors variable,  composi- JU 2533 
tion,  25,000 ohms; linear taper 

Resistors fixed, composition,, 
10,000 ohms;   +10* Iff GB 1031 

Resistors fixed,  composition, 
560 ohms;  +10* 1* GB 5611 

Resistors fixed, wire/round, 
5000 ahrasj +10* 10W 1-3 AE 

- 33 - 
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Allen-Bradley Co. 

Clarostat 

Centralab 

Centralab 

Centralab 

IntemationalRes • 

G.E.Supply Corp. 

Allen-Bradley 

Alj en-Bradley 

Allen-Bradley 

Allen-Bradley 

Sprague 

Allen-Bradley 

Allen-Bradley 

Allen-Bradley 

Lectrohm, Inc. 

I 
: 

! 
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PARIS LIST HJbSTRICTED 
SECURITY INFORMATION 

Circuit    Designation   Description 

DLtt-17 
AFS«fF-221 

Part Number      Manufacturer 

RU8 

«*9, ISO 

R5U 

R5S 

R56 

Fi 

n 

Resistors variable, wire-      2L-CIO-06 7 
wound,   10 ohms:   linear taper 

Resistors  fixed, composition 
100,000 ohms;  + 10% 1W GB lOUl 

10,000 ohms;  +10% 2K HB 1031 

Resistor:  fixed,  composition 
33,000 ohmsj   +10% 1W GB-3331 

Resistor? variable,  composi- 
tion, 25,000 ohms linear 
taper BAI-010-1990 

Resistors  fixedj  composition 

Centraiab 

Allen-Bradley 

Allen-Bradley 

^len-Brad! 37 

Resistors fixedr  composition 
270,000 ohms;  +10? 1W 

Binding Posts 

Dial Indicators 

Escutcheons 

fUSBj     4JV, 

Fuseholderi 

Indicator Lamp Assc-nibly 

Knobs 1-5/8" diam. 

Knobs  1-1/2" diairu 

Knob:  2" diam. 

Lamp, Mazda 

Lampholder 

Handle, Panel 

- 8U- 
KeSTRICxED 

GB 271*1 

312-3 

IT nnv 

G-99A 

J    AU 

31:2001 

8C7BS 

37-12 

37-11 

37-13 

hi 

659-1 

102C 

Centraiab 

Allen-Br adley 

Allen-Bradley 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

OUOOl'lOil     Oi-i  £,• W* 

Littlefuse;Inc. 

Singal Indicator 
Co. 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

G.E.Supply Co. 

Leecraft MFG. 

USECO 

• 

91 
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PARTS LIST RESTRICTED 
SECURITY INFORMATION 

Dllfr-17 
AFSWP-221 

Circuit Designation      Description part Number      Manufacturer 

P1301 Plug 16312-15 Cannon 

LI Reactors  6H at 125 ma, 
2':C ohms OT 1 _T5 nenlctt—i ackaj: a • 

Si,  RL-R6 
Range t-'V'»lT'Cn.   A3 3GmDa.y Hewlett—Packard 

S2 Rotary Switch 81715 Arrow, Hart and 
Hegeman 

Tl 

Vl;  V3 

Power 

Tubes 

Transformer 

Vacuum 

910-55 

6SJ7 

Hewlet t-Packard 

Stai dard 

Tubes 6AG7 Standard - 

vU Tubes 6V6 Standard 

v5 Tubes 5T3GT Standard 

V6 Tubes 6L6G C4...J - 3 

V7 Tubes 6SQ7GT o tion^tu a 

Tubes Gas Regulator VR150 Standard 

I; 

* i 
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PARTS LIST 
SECURITY INFORMATION 

oLtf-17 
AFSWP-221 

12,0 111236 La? FASS FILTER CHASSIS ASSEMBLY 

Circuit Designation     Description Part Number      Manufacturer 

-ST ,~,1 

P102 Same as P101 

P103 Same as P101 

PIOL Same as P101 

P105 Plug 

Plug 

S101 Switch-DPDT 

S102 Same as S101 

S103 Same a3 S10I 

SlOii Same a3 S101 

•70    oQ 

16812-15 

106-73A 

20510 

Canncr. Eleo. 

E.F.Johnson 

Arr-cw H&H 

. 
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PARTS LIST RESTRICTED 
SEGURITT INFORMATION 

DLM-17 
AFSWP-221 

13.0 55*5220 OSCILLOGRAPH CONTROL PANEL 

Circuit Designation  Description Part Number  Manufacturer 

J801 thru J836 

S801 thru S838 

P801 thru P806 

S801 thru S818 

ofirr.   *•*•**•,   BQiA 

Jack 

Kay, Lever 

Plug, Rack Typa 

Switch, Toggle DPDT 
Bat Handle 

Handle, Panel 

Plug, Index 

Shaftlock, Hand Type 

1399B Cinema Engr. 

I0W+H Cinema Engr. 

16812-15 Cannon Elec. 

20510 Arrosr H&B 

f»TT*„ Cfft OXsrostst- 

1020 US ECO 

106-73A E.F.Johnson 

1520 USECO 

-87- 
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UuO 

RESTRICTED 
SECURITY INFORMATION 

11 - ?£. 6 BLOffER PANEL 

B201 Blower 

F201 Fuse. j> amp 

1201 Light Pilot 11<V 

Tom 

P201 Plug 

S201 Breaker, Circuit 

XF201 Holders, Fuse 

XI201 Socket, Lamp 

Filter, Fiberglass 

Handle, Panel 

nm.i7 
AFSBP-22: 

3B06 

3JB 

1636 

16812-1? 

Olill 

312001 

11*7-1201 

ioxion 

1020 

ng Eioc, 

Li ttinfuse 

Mazda 

Cannon Eiec. 

Heineman Elec. 

Littlefuse 

Johnson- 
Gothard 

Qs'sns —Comin »6 

USECO 

•r 

i 

K 

1 i 

•• 
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PARTS  T.TST RESTRICTED 
SECURITY INFORMATION 

15.0 m?Uu MASTER POTTER PANEL 

Circuit Designation     Description 

ihOl 

lU02 

JiiOi 

Slid 

Sau2 

xihoi 

HU02 

T.i erht..    P'. 1 r>*.    5 ! £ —   u - - j   - — .  -    —- 

S»m»   a a   Tl.m 

Outlet, Duplex 

Breaker, Circuit 30 amp. 

Breaker, Circuit 15 amp. 

Socket- Lamp 

Same as HiiOi 

DTJUUI ? 
AFSWP-221 

Poi~l>  IJuiuoeu Manufacturer 

6S6 Uni7.ri|a 

1513 Arrow K«K 

OLll Heinemann Elec 

Otjll Heinsmann "Iecc 

1U7-120X Johnson- 
Gothard 

- 89 - 
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SECURITY INFORMATION AFSWP-221 

PART II 

MOBILE TELEMETERING RECEIVING TRAILER 

SECTION I 

GENERAL DESCRIPTION 

,4-~ „»• 

RESTRICTED 

CT5 OQ 
*^-*—  ^—**0      Electrical power Syeiaffi 

1.1        External Power Snur^o 

-ince these telemetering trailers are often required to operate 
at remote locations where there is no sourcaof commercial power,  four 
portable 12*5 K7A gasoline engine- generator units, type PE 95K are 
provided to .supply power +o the  three trailers.     Four 100 ft.,  2— 
conductor power cables are fitted  at one end with lugs to connect to the 
generators and at the other with a Crouse-Hinds Arktite plug which mates 
a receptacle mounted on the right side of each trailer. 

1.2 Internal Power Connections 

From the trailer receptacle, the power is fed to a 100 amp.  en- 
closed circuit breaker where it is distributed to a 23 volt power  supply. 
a Stabiline voltage regulator and bank of three switches which supply 
the Iightss  the outlet strip? and the air-conditioning ^alaa.    The 
outlet strips are fed directly from the switch bank where as the lights 
and the air-conditioning system have individual switches to facility? 
combined or independent operation. 

1.3 Power Supply - 28 V.D.C. 

The 10 amp 28 volt DC power supply is a selenium type rectifier 
operating from a 110/28 volt transformer, and supplies two antenna 
position control p*»i~lsi vAFUr") 

1,U        Stabiline Voltage Regulator 

The Stabiline Automatic    Voltage Regulator, Type EM Ijl06, 
6.0 KVA single phase, which supplies a regulated voltage to the two 
trailer telemeter stations and consists of a brides and   Ihvt 3t> u:1 

circuit controlling a motor-operated powerstat variable transformer. 
This electronically controlled regulator delivers a constant output 

considerations very important to the operational stability of the 
telemetering stations.    The output voltage is a faithful and distort- 
ionless reproduction of the applied waveform.    Although the regulator 
provides high speed correction,   if the   line voltage constantly varies 
a small amount due to transients, possibly caused by heavy starting 
loads, the regulator will not be able to oiiooth out these vari~J 

is 
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1.5        Air-?-cr,diti oning System 

The air-conditioning system consists of two CARRIER model 51^3 
refrigerated air-conditioners and one trailer exhaust fan.    Due to the 
excessive amount of heat dissipated by the two telemetering stations 
into the confined space ol  tne trailer,  it was necessary to install 
two air-conditioning units to maintain a suitable working temperature 
for the equipment and the operating personnel.    The second air-condit- 
tioner is  enerpi2ed  from p.  «*wj?t—ate motor— fen-rator unit trr<v,T<*  a 

separate powei' "able and trailer, receptacle circuit in ordor to pre- 
vent overloading of the E-u *^et supplying power to the telemetering 
stations.    The air-conditioners operate on 22C volt3 and a 110/220 
volt sten-ur transformer is used with  each units 

2.0     Antenna System 

2.1        General 

The trailer antenna system e«ui be classified into two categories? 
The receiving antenna system and the antenna position control system. 
The receiving antenna system consists of two antenna masts, two receiving 
antennas, the antenna coax lead-ins and tv 
antenna position-control system consists of the position—control 
transmitters and drive motors, and two antenna position~cont.ro! panels 
on which are mounted the position-control switches and indicators. 

2.2   Receiving Antenna System 

2o20l Antenna Masts 

Two masts are located on the top of each trailer positioned 
diagonally across from each other to provide maximum spacing 
hetwaen the two, each of which is for one T/M station. The two 
masts are so hinged at -he base that they can be folded down and 
attached to the top of the trailer. When extended in the up 
position, the antenna project;; 20 ft. above the top level of the 
trailer. 

U 
2*2.2 Receiving Antenna Assembly  Y-15u77 

The receiving antenna is a stacked  antenna consisting of two 
3  element parasitic arrays,  vei ticcilly  polarized wxth folded 
dipoles as the radiators,  a reflector and director.    This type 
provides high gain and a high front-tc—back ratio.     The t7,-o arrays 
are spaced a half wavelength apart and are fed 90   degrees  cut of 
phase tc obtain t.he desired radiation pattern.    The two arrays are 
fed throurh ballon transformers,   for  the purpose of balancing the 
antenna feed tc ground   -..nus reducing   the standing wave raliv. 

0 
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2,2.3 Coax Lead-in 

- 22 - RESTRICTED 

• 

Each of the two arrays of one antenna feeds separate RO-ll/U 
coaxiai cables which differ in length by a quarter-wavelength at 
the operating frequ«ncy as measured on a slotted line, thus ob- 
taining the 90 degrees phasing in the feed to the antenna coupler,, 

2.2.U Antenna Couplers - Y-15U78      ««» , 

Two antenna couplers are used,  one for each station.    It is a 
quadruplexing balanced-bridge type employing three "magic T" coaxial 
rings each of which consist of eight specific lengths of coaxial cable 
and two RLC circuits enclosed in a motal  housing. 

2.3    Antenna Position-Control System 

2.3.1 Antenna Position-Control Pane]  Y-1631? 

The antenna position-control panel is mounted at the top of 
cabinet aC" in each station and consists of a position - indicator 
which indicates the azimuth a'ld elevation position of the antenna;_  and 
azinuth and elevation switch control which affords movement of the 
antenna to the desired position,  and an elevation and azimuth calibration 
adjust for the purpose of indicator position correction. 

The position indicator is a dual indicating type meter,  one 
indicator for- azimuifc position from 0 to +90 degrees and the other for 
elevation from 0 to +90 degrees.    It is possible to adjust the Antenna 
mechanically in order that 180 degrees can scanned. 

2*3.2 Position-Control Motors and Geariig 
_ 
isach antenna mast is equipped vrith trc 25 Tclt drive actors,  one 

to move the antenna in azimuth and the other, in elevation.    Each motor 
has two field windings such that the direction of motor rotation can 
be selects by energizing the proper winding,,    Micro-switches enclosed 
in the motor unit limit the amount of travel in both direction such that 
by the proper gearing the antenna is limited to 180 degrees azimuth 
rotation and 90 degrees in elevation. 

The position-control drive motors are mounted in a housing at 
the base of the mast and are gaared to the gear housing at    the top 
of the mast by drive-shaftsj  the elevation control is brought through 
the center of the main mast and the azimuth control through ?. shaft 
alongside the main mast. 

i . 

i 
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2.3.3 Position Control Switches 

The position-control switches., mounted on the antenna control 
panel are UPDT, momentary ON-OFF-ON switches with the normal 
position being off.    Thus depending on which switch is energized 
and in which position,  the antenna will move either right,  left., 
up or down. 

2^.3-ii Position-Control Transmitters 

• 

The position-control transmitters are mounted in the motor 
housing at the base of the antenna mast and consist of two 100 
ohm potentiometers which are spring Icadod and geared to the 
antenna drive motors by a phosphor-bronze cable such that the 
antenna movement is translated into a resistance change which 
results in a change of meter indication. 

3.3      Zero Time 

! 

3.0      Inter and Intra Trailer Wiring 

3.1      Inter-Trailer Wiring 

A junction box is located on the right side of the trailer in 
which all electrical circuits external  to the T/M receiving stations are 
located.    In addition to containing Itinc+ion points for the inter—com, 
and timing circuits cables between trailers, this box also serves 3s a 
junction box for the antenna-position control system. 

The cable conner,+ore pre wired for an xnter-com circuit and three 
timing circuits.    The inter-com circuit feeds two field phones and an 
amplifier in each trailer for the purpose of communicating between 
trailers and three timing circuits for the purpose of synchronizing the 
oscillograph records of all the stations.    Each tra^lwr is equipped 
with two parallel plugs so thai  irrespective of which trailer may be 
located between the other two.  a cable may be run from that trailer to 
the other two. 

3.2      Time Base 

The three timing circuits include time base, range time9 ana 
zero time signals* The time base signal originates in the telemetering 
ground station and is a 1 ops pulse signal which is fbd to a switch in 
the trailer junction box. This switch is a DFDT, 0N-0FF-0N, switch 
which selects the 1 cps signal which is to be used in the system as 
a common tima base. 

The isio time signal is a pulse signal -which originates frex a 
photo-electric ceil unit which has to be set up external to the trailer 
exposed to ground zero so that at the time of the flash a pulse will 
be red to the system and hence recorded on the tslemetering record 
synchronizing ail telemetering records. 
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The range time signal is a sig^yil originating external to the 
telametering system for the purpose of synchronizing the telemetering 
records with any other records which may be taken simultaneous^/ 
uoing the same range Lime signal source* 

I 
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SECTION II 

PREPARATION TO OPERATION 

1.0      Elect;, ical Fewer System = Y-163J1 

1.1 
i 

i     • 

2,0      T/M Trailer Antenna System 

2.1        Receiving Antenna Inst-illation 

- 21 ~ 
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!The desired location of one trailer with respect to the ethers is 
such that the antennae are the maxisrun: distance apart with respect  t.   the 
signal source which is a pattern such that the receiving trailers are 
in a line (See Figure u3) with the signal source being in a direction, 

I broadside from the trailer.      The desired location of the power units. 
PE—JEK's.., would fc~ at a maximum distance from the trailers and in the 
opposite direction from the signal soarcs in order to reduce the possi- 
bility cf interference from the ignition system. 

• 

1.2   Power Connections 

The two conductor,  four    gage, rubber covered    cable provided with 
each trailer is connected tc the I10V output terminals  cf a PE9f>K power 
unit and the other- end with the Crouse-Hinds 3-pin plug,  is connected 
to the proper receptacle on the side of the trailer.    Each power unit 
will  chen provide power to one trailer for its  operation.     (See Figure 
1*5 ). 

1 I 
The smaller power cable provided with each trailer has a 2-pin 

Cronse-Hinds plug and that cable is connected to the proper receptacle 
on the side cf the trailer and thf three cables are connected in 
parallel to the fourth pc^er unit provided for this purpose.    This 
power unit will then provide power for the ope^ticn of the second air- 
conditioner unit in each traile -. 

Each trailer and power unit chasdE must be grounded to earth to 
prevent the buildup of a charge between tne trailer and earth.    A pre- 
caution which must be tiken prior to connecting the ground to e>a..h 
trailer is to measure the voltage between the trailer chassis and 
ground with all power units operating.    A reading of 110 volts indi- 
cates that the output connections on the respective power unit should 
be reversed. 

: 

: 

2#lol Antenna Locations   

Each trailer is equipped with ts»o folding antenna masts 
uu each oi wnich is mounted one antenna.  Below is a table 
listing the antenna location, the antenna number, the ccax 
paii- number, the corresponding receivers which it feeds and 
the channels which the combination covers* 

• - 
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2. 

6. 

ANTENNA 
LOCATION 

COAX 
ANTBNNA    PAIR      RECEIVER 
NUMBER        NO.       NUMBER 

Trailer No. 1 (R) I 1 1-k 

Trailer No> 1 (L) 2 2 5-8 

Trailer Nc. 2 (R) 3 3 9-12 

Trailer No. 2  (L) L U 13-16 

Trailer No. 3 (R) 0 5 17-20 

Trailer No. 3  (L) 3 3 21-22 

DLM-1? 
AFSWP—221 

CHANNEL. 
COVERAGE 

5-d 

0-12 

13-16 

17-20 

1—20 

It is to be noted that the antenna listed under item 6 
bears an antenna number of 3.    ^hi;  is due to the fact that this 
antenna feeds the standby station in trailer No. 3 which is 
equipped with tuneable receivers,  21 and 22.    Therefore., this 
antenna is designtd to the center frequency cf twenty allocated 
Channels which thizs makes it identical to antenna No.  3.    Al- 
though, it does not operate at maximum efliciency through out 
the twenty channel bandj  it does  operate satisfactoryly8 

2al«2Antenna Installation Procedure 

The proper antenna is  s«"! e--+.or!  and mounted on the ar.tenna 
nast while the antenna is in the folded down position.   The   gear 
bjx. at the top of the antenna has two arms with clamp? to which 
the antenna is attached.    The azimuth position of the antenna is 
fixed by the position of the antenna mount however., the antenna 
is adjustable in ^Xsrations    Tb.g anteioa sr.cuTd be ciamced into 
position such that the mounting arm* when in the full down posi- 
tion the antenna will be in the lowest angle which is desired 
to be scanned. 

The proper csoax pair is connected to the antenna and the 
leads clamped to the antenna mast near the top with sufficient 
slack to allow fall movement of the antenna in asimuth and 
elevation.    The leads are then fed thru the opening on the side 
of the trailer and  connected to the antenna coupler« 

. 

The antenna mast may now bs raised to the "UP" positLon and 
secured in position and the system is ready for operation. 
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2.2 Antenna PoslTion Centre! Installation 

The antenna position control system requires no preparation 
for operation as all equipment is permanently  installed and requires 
.-»nly- a  aya+em check which io explained ir. the c^^ll^i* oi* ^oiaoion 
of this system. 

3»0      Intei   and  Intra Trailer W? ring 

3.1 Inter-trailer Wij-ifig 
••••••••ii. m 

The iator-trailer cables are connected between trailers where- 
upon tne inter-com and three timing circuits are ready for inter—trailer 
operation. 

• 

3.2 Intra-trailer Wiring 

The only two circuits within the trailer junction bcx which are 
not chicle are the ZERO and RANGE TIME signals and tc make them com- 
plete requires that their signal source be connected to the system. 

The ZERO TIME signal i:;  generated by a photo-electric cell unit 
which must be mounted exposed to ground z<?ro so that at the time cf the 
flash and pulse signal will be generated and fed through a pair of lead? 
tc a trailer junction bcx and hence fed to the inter-trailer system. 
It is necessary to have only one photo-electrie unit as its signal will 
be fed to all ground stations through the inter—frailer wiring system. 

The RANGE TIME signal  (if used) originating external to the 
telemetering is connected to  the proper terminals in the junction 
box of one of the trailers and hence is fed t.o the system. 
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OPERATION 
1.0      T/M Trailer Power System 

1.1     Supplying Power to Trailer 
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SECTION III 

- 98 - 
RESTRICTED 

1.1.1 Check nower cable cnrmp^tn nns STIH nn*it.inn r>? line circuit 
breakers  (OFF) and aiso make chock of fuel ana oil levels of 
power unit engineo 

1.1.2 Energize engincy-generator power unit as per posteci instruc- 
tions and allow a warm-up period. 

1.1.3 Ad.lust voltage and frequency output of power unit as per 
J./V.O u'ZVi     xua l/iut 1.1UHS . 

1.1.1; Turn "ON" posror unit output circuit breaker and power is now 
supplied to the trailer. 

1.2  Supplying Power to Trailer Components 

ls2-l Turn "ON" main circuit breaker, 

1.2.2 LIGHTS - Turn "ON" lights switch on switch bank. 

1.2.3 EXHAUST FAN - Turn - "ON" blcwer switch en swatch bank. 

l„2.h OUTLET STRIP - Turn "ON" outlets switch on switch banko 

• 
1.2.5 TKT.rcreTSRING STATIONS - Turn "ON"1 circuit breaker on Stabi- 
line voltage regulator. 

1.2.6 AIR-CONDITIONERS - Turn "ON" air conditioner circuit breakers* 
————————-• - 

1*2.7 ANTENNA CONTROL SYSTEM - Turn "ON" 3witch on 28 volt power 
supply. 

1*3      Supplying Power to Auxiliary Air-Conditioner 

1.3.1 Check power cable connections and position of line circuit 
breakers  (OFF) and also make enesk of fuel and oil levels of 
power unit engine. 

1*^*2 iciergizs c>igine^gcncratcr pciver unit as per posted inalyuo— 
tiong And allow a warm—up period. 

1.3.3 Adjust voltage and frequency output of power unit as per 
posted instructions© 
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k*      Turn nON" p-jwer  unit  output, circuit breaker  and power is 
new supplied to auxiliary air-conciitioner units, 

2• °      Trailor Ante"! System 
- 

2.1 Receiving Aut3ni.a 3ystam - See Figure Uh 

The two arrays  cf the receiving mtenna are scaced a hail- 
wavelength apart and the coax leads  from the antenna to the antenna 
coupler  differ  in length by a qpiarter-Travelength.    This combination 
gives a fairly broad antenna radiation pattern since it is necessary 
to simultaneously receive as many as four signals from airborne 
telemeter ir.g units  uii a single antenna. 

Antenna movement can be effected by actuating the proper ?witch 

3.0      Inter  and Irr-ta •- Trailer Wiring » See Figure h.B 

3ol Inter-trailer Wiring 
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The antenna coupler (See Figure li.?and':6) used to affords the 
use cf four receivers feeding from a single uj.*venna array.    Actually the 
antenna io  somprised cf two antenna arrays.,   each having a coax lead to 
the coupler.    The coupler consists of three balanced bridge circuits 
and when employed in multiple receiver installations such as this, 
the coupler affords excellent isolation between receivers, thereby re- 
ducing the spurious cignals caused by local oscillator inter-action 
and the pulling in effect between receivers connected to a common 
antenna system and tuned to adjacent frequencies.    The insertion    loss 
inherent in this type of unit is mere than compensated for by antenna 
gam, 

2.2 Antenna Position - Control System - See Figure !;T 

Operation cf the antenna control system is from the ANTENNA 
POSITION CONTROL PANEL.    After the antenna has been properly mounted 
the 28 volt power supply is energised, the elevation and atimuth in- 
dicated positions on +he position indicator is  corrected by means   ~* 
the elerauici and azimuth CALILP.ATION ADJUST so that the indicator 
will indicate the antenna's true position in relation to the trailer. 

movement.    Prior tc an actual operation, the antenna is positioned  in 
the anticipated direction of radiated signals and then during the 
operation the antenna position is adjusted for maxinum signal strength 
indication on the receivers.    However, since four receivers are oper- 
ated on one antenna array it may not be possible tc peak the signal 
strength indication or. all four receivers therefore,  it will be 
necessary to compromise on the levels. 

i 
The inter—trailer cables parallels the inter—com, zero tinM. 

range time,,  and 1 cps time circuits in the three trailers sc thai 
conEUUticationsj  synchronizing and timing is possible between ail the 
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3•2   5i^r.?ii-c'.£si±e.r. yi"ring 

3.2.1 Inter-c ommunic at ions 

Within each trailer, there arc INO  field phones and an 
amplifier. 3y turning the amplifier en, 5t is possible to monitor 
the iutex'~Oua without using the field r.iones. 

3.2,2 Time Base 

Basically the timing used, is the TIME BASE -which is a 1 
cps pulse taken off from the EPUT meter in each station. In ea~h 
trailer there is mounted on the junction bcx, an EPUT SELECTOR 
SWITCH. Each of the tiro EPUTS in eaoh trailer feeds a 1 cps timing 
signal to this switch such that it is possible to select one signal 
but not both, and feed this signal to the Wo oscillograph control 
panels and hence to all rec orders. However, its desirable to 
have the same timing signals on all the recorder? of the three 
trailers therefore, all trailers have their time base circuits in 
parallel. Since it is possible to have three time bass signals 
simultaneously on the system, during an actual operation only one 
trailer .will have their switch in the "ON" position and the other 
two will re in the "OFF'' position. In jase of a failure in the 
trailer, one cf the other trailers will turn their switch to the 
'•ON" position and a time base signal will continue to be fed to 
iU. -*-=r- 

5o2o3 Range Time 

The RANGE TIME SIGNAL is fed thru an isolation transformer 
and &n amplitude control in the trailer junction box and then goes 
directly to the oscillograph, sync, plug via the station control 
cabinet. 
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SECTION 17 

MAINTENANCE 

1.0      Electrical Pcwgr System 

A war Department technical manual.  TM 11-901*.   Lb  included in the 
file of each trailer i 

1.2 Air-Conditioner Units 

»f 

I 

Proper maintenance of the engine- generator pcwer units is a 
prime pie-requisite for satisfactory and aepenaable operation of the 
units and hence the telemetering stations since a power failure at  * 
critical time would        decommission the entire telemetering trailer. 

catalog file of each trailer for the PS ?%K power unitr.. 

A mar.ufacturer 's  operational and maintenance   manual,  is   included 
in the catalog file of each trailer for the PE-9?K power units. 

1,»3        Zi=iiS£^5fSiiili£ 

The regulator is fit!   ; with a quick-trip magnetic circuit- 
breaker,, which serves as an "C   -OFF"    fitch for the control circuit as 
well    as the newer circuit*    Figure U9 shew3   "   schematic  of the regul- 
ator. 

By closing the circuit breaker "ON-OFF" switch the ccr.trol cir- 
cuit will be energised and the pilot light will light, indicating that 
the control  circuit is receiving power.     In I5> or 20 seconds  either tne 
raise or Icwer thyratron tube will conduct  causing the regulator tc 
operate if correction Is required. 

iil   Sensitivity Control 

'The setting of the c "ntrol on the right front panel narked 
"Sensitivity" controls the sensitivity of the regulator.    The 
term "Sensitivity" defines the value of voltage departure from 
the nominal outsat which will cause The regulator tv correct. 
Increasing the setting of the sensitivity control causes the 
regulator to correct for smeller voltage variations.    This 
cr»T*^"*pl Btsv ^& cil^-^tod with a coin 

. 

Figure- J>G i.& a s:he-n-j.tic of the control circuit , 

In starting the regulator the setting of the control should 
be increased to u point at which the regulator continuously 
"hunts" (i.e., motor does noJ  csaee    neratir>g)«    The sontrcl 
should then be iroaeked-cffij a small amount causing the regula- 
tor to stop hunting.    RjCT,?;rience in each application will best 
determine the amount tc "     "backed-cff.* 
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1.3.2 Rango Control 

The setting of the control on the left front panel marked 
"Output 7oltape" determines the nominal output voltage of the 
regulator* It is severed at  mentioned above under "Sensitivity 
Control". In setting the output voltage reference 3hculd be 
made to the voltmeter indication. The range control should Db 
set so that the desired output voltage is indicated on the meter, 

1.3.3 Maintenance 

Routine maintenance will consist of replacing the thyratron 
type 205C tubes* the BU-1 voltage sensitive element,, and the small 
relays.    These are all plug-in components. 

1.3.4 If the regulator appears to be inoperative or operating im- 
properly, the following steps should be taken in thG cr-ier given? 

1.3.u.I Check fuses. 

1.3.U.1.1 Incoming lir.Oc 

-o3«4.i» ^ Bru5i! -Leaci i'us*? or J.U.563 1^ uz>cd  \ses 
Figure !;<?) 

1.3oU.l*3 Control circuit type 3AG$ 3 amps,.,   (see 
wiring diagram as above.    If pilot light is "ON" 
this fuse is  good)e 

1.3.U.1.U Motor- circuit type 3AG., 3 amps.,,   (see 
wiring diagram as above.) 

1.3.L'»? Chftok incoming line and compare with nameplate data0 

1.3.U.2.1 Voltago 

1.3.iu2e2 Frequency 

1.5sU*2i3 Number of phases. 

1.3.U.3 Replace type 20^0 tubes in control circuit. 

1.3.UoU Replace BU-1 in control  circuit. 

1.3.4 .i> Replace relays in control circuit0 

1.3.U.6 If trouble still persists., remove the control circuit. 
This is accomplished by unscrewing the  "hcld-in" screws 
located near the top and bottom of the chassis,.    The control 
circuit, may be removed by pulling i!. out c?  ita mounting 
socket. 
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1.3oli»6.i Set the control circuit aside. 

lo3»U»6.2 Locate the motor terminal board mounted on 
the motor mounting plate and remove the three motor 
connections after noting their positions so that re- 
pj.ac«iucrit jua.y os made. 

1.3eU*6«5 Apply 11$ vaLts from an external source to 
the black and green leads and then to the black and 
red leads of the motor. 

1.3»ii.6.U It should be possible to cause the motor to 
turn the POTERSTAT shaft through its complete range. 
This will change the output voltage of the regulator 
as indicated by the panel voltmeter.    It should be 
possible to manually select the proper position to 
give the desired output voltage indicating that the 
motor and power circuit, are in proper operating con- 
dition.     If this is found to be true it will be de- 
sirable to obtain an exchange control circuit.    These 
exchange units are available for immediate shipment 
from the manufacturer., 

1.3.iu? In ca.?e the tests performed under item 1.3.^.6 ahw 
t-ha+. t.h*»r*> is trouble in the motor or power circuit, it car. 
usually be found quite easily if reference is made to Figure 

2.0     Antenna System 

2.1 Antenna Mast 

The motorized masts require periodic inspection and lubrication 
especially after adverse weather conditions. 

2.2 Receiving Antenna Assembly 

All connections should be periodically inspected and cleaned to 
prsvEint corrosion. 

ICtt 



SECURITY INFORMATION 
DU'. j 7 

Copy Noc 

1-2$ 

26 

27 

23 

29 

30 

31 

32 

3U - TO 

DISTRIBUTION 

Csssuaxxiing General,  A? 
Cambridge Research  Center 
230 Albany 
Cambridge 39,  Massachusetts 

H. D. Wllkenaon 

R.  M.  Coobe. 

5. W.  Cop-eland 

Chas.   St; .tank ell 

A-   L.  Munzig Jr. 

C- Wet?el 

C.  Thomas 

F.  Corral 

Publications Department 


	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159



